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(57) The present invention provides a photocata- 
lyst-canrying structure which has a structure, wherein an 
adhesive layer is provided in between a photocatalyst 
layer and a sutjstiate. the adhesive layer is composed of 
silicon-nKXiified resia jsolysiloxane-oontaining resin or 
conoidal siOca-oontaining resin, and for forming the pho- 
tocatalyst Ic^er a composition comprising a metal oxide 
gel or a metal hydroxide gel arxi a iitfiotocatalyst is used. 
Further, the present invention also provides a photocat- 
alyst coating agent for producing a photocatalyst-cany- 
Ing structure which contains silicon compound, at least 
one metal oxide sol or metal hydroxide sol, and at least 
one photocatalyst powder or sol. 
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Description 

Reld of the Invention '''^ 

[0001 ] The present invention is related to a structure carrying a photocatalyst which is useful for anti^'bng. cleaning 
water, deodorization, pasteurization, a treatment of waste water, decomposition of water, a control of alg^e growth and 
various chemical reactions. " ' " 

Background Art 

[0002] Titanium dioxide, whidi is n-type semiconductor, has been known as a photocatalyst that^ac^rtes various 
chemical reactions with ultraviolet radiation energy, such as chemical reactions resulted in during a pniw^ of decom- 
position of water, deodorization, pateurization, cleaning of water, a treatment of waste water or the 1^^ is said that 
the catalytic activity of a photocatalyst can be generally high when it is used either in powder form orjn^fbrm of sus- 
is pension in a solvett. however, in many cases, such photocatalyst is practically obliged to be used in ajorm being car- 
ried on a certain substrate. For utifizlng ultraviolet radiation energy from light efficiently, it Is advantages to make a 
si±)strate into a shape like a paper or a sheet which can secure the wider light irradiation area. rr\or0m, it is further 
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advantageous to make the surface of the suljstrate into a porous structure in order to increase contac^ area of the 
substrate with a reactant with which an objective chemical reaction is dea'red to be proceeded in the pf^fice of a pho- 

20 tocatalyst i^^^ 

[0003] Various substrates which comprise a photocatalyst have been proposed in the past Few e^^^ (A) a light 
transmissible material, such as cellulose nitrate, glass. poly(vinyl chloride), plastics, nyton. methacryncriSn and poly- 
propylene, is disclosed in Japanese Patent Laid-opened Na Sho 62-66861 , (B) polypropylene fibers "aSS^eramics are 
disdosed in Japanese Patent Laid-opened Na Hei 2-68190, and (C) glass, ceramics, nylon, acryl ar^^rester resins 

26 are disclosed in Japanese Patent Laid -opened No. Hei 5-309267. -^^S^ 

[0004] However, among the materials as disclosed above, it is reported that the one comprising sffj^^lo material 
as its main component has the disadvantage that the organic material can be decomposed and deterione^^ due to cat- 
alytic reaction caused by a photocatalyst contained in the said material, and the durabUity thereof hasjb^efbre been 
problematic (see FumiaW OotaniO Kobunsi Kako Na 42. vd. 5, page 18 (1993); Titanium dioxide", by^'M^dbu Kiyono, 

30 published by Qihodo, page 165). -^^^^ 

[0005] Further, even though the substrate is composed of an inorganic material, such as glass ar^^^ntcs. there 
must be some protjiems in the durabiTrty propety of the substrate, such that, if an organic polymer r^^^used as an 
adhesive for canrying a photocatalyst on the substrate, the photocatalytic activity may be lowered dt^ UHcbverage of 
the surface of photocatalyst partldes with such resin, and that the photocatalyst may be exfoliated fraprfte substrate 

36 due to the cause of decomposition and deterioration of said organic polymer resin by virtue of its phc^^^llytic activity 
[0006] In order to avoKl having such problems as described above, a method called spattering metfwS^e-eby any 
organk: materials do not remain (Japanese Patent Laid-opened Na Sho 60-044053). a method to ooa^id bake an 
organic titanate (Japanese Patent Laid-opened No. Sho 60-1 18236). a method to spray and bake titariSTOTi (Japanese 
Patent Laid-opened Na Hei 5-253544). and the others have been employed, in case that the substra^^^ is an inor- 

40 ganic heat-resistant material. '^^^sl' 

[0007] However, these methods have a problem that they require a process of baking the substrat^^^^h terrper- 
ature in order to obtain production and (^ystaltzation of photocsdalyst partides over the substrate and e^^^ property 
with the sid)strate, and therefora it is difficult to carry photocataly^ over a wKle area and the produt^OT^iccoiding to 
these methods requires very high cost - 

46 [0008] VVhereas, for carrying a phot{»»talyst onto a glass fiber paper, a method to use a me^ 

sive has been proposed (see Japanese Patent Lakl-opened Na Hei 5-309267). ^^P^ - 

[0009] However, the adhesive property of a metal oxide sol, such as stica sol. is very weak becaus^l^^rived from 
van der Waars force (see Rne Ceramics, vol. 1 . page 216-223. 1980) so that the bindng strength anSc^Wlity of the 
adhesive were InsufTident. Further, the method additionally requires a process of baking at a high ter^^Bture. and 

60 therefore, it was not applicatsle for all types of substrates induding commonly used types of resins whl^ are easily 
decomposed by heating. \ -i-^': 

[0010] In an example wherein a metal oxikle. sudi as silica gel and day mineral, in a sol state canying photoc^lyst 
powder thereon, there is a report that the photocatalytic decomposition reaction of proptone akiehyde gas is acceler- 
ated by virtue of the effect of a substrate as an adsort^ent (see Symposium. "Recent dev6k>pment in Photocatalytk; 

66 Reaction", previous manuscripts. t>y Sodety for the Study of Photofunctional Materials. Na 2-1 1 page 39. 1 994). 

[001 1 ] However, no report has been made tp till now describing that a sidsstrate having excellent adhesive property 
and durabifity while keeping the high photocatalytic activity of a photocatalyst which is uniformly d&trtouted in a metal 
Qxki sol as descri)ed above is obtained. 
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[001 2] Whereas, a methcxl to fix a photocatalyst by using a f iuororesin has been also proposed (see Japanese Patent 
l-aid-opened Na Hei 6-31561 4). However, the price of fluororesin is high, and it is required to cover the most of the sur- 
face of photocatalyst particles with fluororesin in order to stick photocatalyst particles strongly Accordingfy the catalytic 
activity of a photocatalyst becomes lower than the activity given by the same photocatalyst in powder form. Ahhough an 
example that intends to canry a photocatalyst onto a substrate by means of mixing the photocatalyst wfth a binder resist- 
ant to deconposition. such as fluororesins and poly(organosiloxane), has been known (see EP-0633064) it is not suf- 
fident to solve practically such problems as to adhesive property and durability. 

[001 3] As descrtoed above, the following three points can be given as problems to be solved when canying a photo- 
catalyst onto a substrate, which are (1) an adhesive property between a photocatalyst and a substrate should be good, 
(2) the photocatalytic activity of a photocatalyst does not degrade when it is cam'ed onto a substrate and (3) both of a 
substrate and an adhesive shouW not be deteriorated due to presence of a photocatalyst carried thereon and the sub- 
strate can keep its binding strength, durability and catalytic activity. Furthermore, when using a photocatalyst-carrytng 
structure under a condition of a high temperature and high humkJfty. a property to maintain excellent adhesive property 
after dipping it into boiling water is required for the structure, for exanpla 

[0014] Whereas. It is required for a photocatalyst coating material used for carrying a photocatalyst onto a substrate 
a property that the photocatalyst coating material causes neither its viscosity inaease nor its particle sedimentation 
even after the presen/ation for at least one month and preferably more ttian fliree months. Also, a property that enatiles 
to cany a photocatalyst onto a substrate without deteriorating its photocatalytic activity when coating the photocatalyst 
onto a product for practical use. is required as well. 

[001 5] The Inventors of the present invention have found a metirod to strongly glue a photocatalyst onto a sirtjstrate 
by providing a specific adhere layer in between a photocatalyst layer and a substrate to thereby protect the substrate 
provided under the adhesive layer from its deterioration due to photocatalytic action derived from the photocatalyst and 
strongly glue the photocatalyst layer to ttie substrate and by making the adhesive layer resistant to deterioration due to 
photocatalytic action, providing a solution for the problems as described at)ove. 

Disclosure of Invention 

[0016] The inventors of tiie present invention found that silicon-modified resin, such as acryl-silicon resin or epoxy- 
silicon resin, containing 2-60 % by weight of alicon. a resin containing 5-40 % by weight of colloidal silica, and a resin 
containing 3-60 % by weight of polysikaane. which is a polycondensation reaction product of a conrpound represented 
by a gerieral formula (1); 

SiCIni(OH)n2R^n3(OR2)n4 (1) 

wherein is an alkyl having 1-8 cartx)n atoms which Is unsubstituted or substituted vwth any of amino, carboxyl or 
chlorineatom, R^ is an alkyl having 1-8 carbon atoms or an alkoxy-substituted alkyl having 1-8 caston atoms, n"* Is 0, 
1 or 2. n^ and '^are each independentiy 0 or any of Integers of from 1 to 3, n"^ is any of integers of from 2 to 4, provided 
the sum of n , n^, and is 4. can strongly glue a photocatalyst and protect the substrate from photocatalytic action 
derived from a photocatalyst 

[001 7] Moreover, for solving the problem on the photocatalyst coating material, the inventors of the present invention 
have found out that a photocatalyst coating material comprising 0. 001-5 % by weight of one or more of alkoxysilanes 
represented by a general formula (2); 

SiR3n5(OR*)4-f!5 (2) 

wherein R^ is an alkyl having 1-8 caiison atoms which is unsubstituted or substituted with any of amina Serine atom 
or caiboxyt, R^ is an alkyl having 1-8 caitxsn atoms or an alkoxy-sutsstituted alkyl having 1-8 casbon atoms, ns ts 0, 1 or 
2, or the hydroly^s products thereof, 1-30 % by weight of a metal oxide sol and/br a metal hydroxide sol on ttte sofid 
component basis, and 0.1-30 % by weight of a photocatalyst in powder and/br sol. can be stat>le fbr a long time artd 
does not result viscosity increase and particle sedimentafon, and they have accordingly accomplished the present 
Invention. V 

[001 8] Furthermore, the inventors of the present irtverrtion have also found out that ttie photocalalyst-carrying struc- 
ture and the photocatalyst coating material desaibed above can be carried onto varfous substrates, such as glass, 
plastics, metals, doth and woody materials, and can be coated onto lens, acftiesive fUms, window shades, nonwoven 
fabrics, wooden doors, eto. by using ttie photocatalyst coatvig material according to the present inv^on. 
[0019] The present invention is further descrfoed in detaO in the following. 

[0020] In the present invention, a resin to be used for forming the adhesive layer in the photocatalyst-carrying struc- 
ture is selected from a group consisting of silicon-modified resin, such as acryl-silfoon resin or ^oxy-silicon resin, com- 
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prising 2-60 % by weight of silicon, a resin comprising 5-40 % by weight of colloidal silica and a resin comprising 3-60 
% by weight of polysiloxana 

[0021 ] When any of silicon-nnodif led resin containing silicon at content of less than 2 % by weight, such as acryt-sificon 
resin, a resin containing polysiloxane at a content of less than 3 % by weight and a resin containing coIIofcJal silica at 

5 content of less than 5 % by weight is used, the binding force between the adhesive layer and the photocatalyst layer 
degrades, and the adhesive layer is deteriorated due to the action of a photocatalyst thereby the photocatalyst layer 
tends to be exfoliated easily. Whereas, when sincon-modifled resin, such as aCTyl-sificon resin containing silicon at a 
content nnore than 60 % by weight is used, the binding between the adhesive layer and the substrate gels worth and 
the abrasion-resistant property of the structure degrades because of the lowering of the hardness of the adhesive layer. 

10 [0022] Whereas, when a resin containing polysiloxane more than 60 % by weight or a resin containing colloidal silica 
more than 40 % by weight is used, the adhesive layer becomes porous, the substrate provided under the adhesive layer 
deteriorates due to the effect of a photocatalyst and binding condition between the substrate and the adhesive layer 
degrades, and the photocatalyst layer thereby tends to be easily exfoliated from the substrate. 
[0023] When using silicon-modified resin, such as acryl-silicon resin and epoxy-alicon resin, as an adhesive layer 

T5 material, any silicon-modified resin prepared according to any method for introdudng silicon into resin, such as an ester 
exchange method, graft reaction method using silicon macromers and reactive silicon monomers, hydrosilylation reac- 
tion method and block copolymerization method, can be used in the present invention. 

[0024] As a resin wha-eto silicon is introduced, acryl resin and epoxy resin are the most suitable in tenns of film-form- 
ing property, toughness and adhesiOT property to the substrate, howeverr, other resins, such as alkyd resin, urethane 

20 resin and polyester resin, can be used as well. In addition, these resins can be used in the either type of solution or 
emulsion. Also, it is not problematic even though such resin contains an additive, such as a cross-linking agent 
[0025] A photocatalyst-carrying structure with improved adhesive property and durabffity can be obtained if a resin 
used for fbmrring an adhesive layer is polysikDxane, and the polysiloxane is a hydrolysis product of a silicon alkoodde hav- 
ing 1 ^5 carbon atoms or a product derived from such a h^rolysis product If alkcicy group of the silicon alkoxide con- 

2s tains 6 or more cartxjn atoms, such resin becomes costly, and the adhe^ve property and durability of the resin 
deteriorate because it is drff knjft to harden the alkoxide in the resin due to its slow hydrolysis rate. 
[0026] It is also possible to use polysiloxane which is ot)tained by subjecting silicon alkoxide partially containing chlo- 
rine to fiydrolysis, however, a substrate may result corrosion due to the presence of chlorine ions as an impurity when 
using polysiloxane containing a high degree of chlorine atoms, whfch also degrades the adhesive property of the adhe- 

30 sive layer. 

[0027] As a method to introduce polysiloxane into a resin, a method to mix it in a form of a silicon alkoxide nranomer 
with a resin solution and subsequentiy allowing it to hydrolysis with mdsture in the air at tiie time of forming an adhesive 
layer, a method to mix a product obtained by partially allowing siGoon alkoxide to hydrolysis witii a resin and subse- 
quentiy allowing the mixture to hydrolysis with moisture in the air at the time of fbnming a protective film. etc. are known, 
3S any method which allows an uniform mixing with a resin can be employed. A small amount of an acid or base catalyst 
may be added to change the speed of hydrolysis of siiioon alkoxide. 

[0028] As examples Ibr a resin suitable to be Introduced with polysfloxane. aery) resin, acryl-sfflcon resin, epoxy-slll- 
con resin, silicon-modified resin, urethane resin, epoxy resin, polyester re^a all^ resin, etc. can be given, however, 
silicon-nradif led resin including acryl-silicon resin and epoxy-silicon resin are tiie most preferable one in view of their 
40 durability property. 

[0029] If the adhesive layer is composed of a resin that contains collotdal silica, it is preferable if the diameter of col- 
loidal silica p£u1icles is 10 nm or less. When the diameter exceeds 10 nm. the resin in the adhesive layer further dete- 
riorates due to the influence of a photocatalyst and tending corxfition between the photocatalyst layer and tiie adhesive 
layer become worse as well. As a method to introduce such conotdal silica into the resin, it is known that a method to 

4s mix a resin solution with a colloidal silica solution, thm apply K and 8ut>sequentiy dry it to form an adhesive layer is the 
ea^est however, a method to form an adhesive layer }yf allowing a resin to polymerization while dispersing colloidal 
silica in the resin and then to apply the synttiesized resin and dry it is also acceptable. It \b also pos^e to use colloidal 
silica after treating it with a silane coupler for improving adhesive property and dispersibity of collddal sOica and a resin. 
[0030] As examples for a resin wheroto colloidal silica s introduced, acivl resin. acryi-siGcon resin, epoxy^Iicon restn. 

so silicon-modified resin, urettiane resin, ^xaxy resin, polyester resin, alkyd resin, eta are given, however, silicon-modified 
resins including acryl-sificon resin and ^x»cy-8ilkx>n resin, are the most suitable one in teurm of durabOity. 
[0O31] As the colloidal silica, any silk:a sol. which is produced either by subjecting sodfum silicate solution to cation 
exchange or tiy subjecting silicon alkoxide to hycfrolysts, can tse used. 

[0032] Whereas, for a purpose to prevent deterioration of a resin used for an adhesive layer by influence of a photo- 
55 catalyst and to improve its durability, a mixing of ttie resin with a photostabirizing ag^t and/or an uttravrolet absorbent 
or the like nriay provkie a good effect. As usable photostat»Iizing agents, it is use hindered amin com- 

pounds, however, any other compounds can be used as well. Whereas, triazole compounds can b J used as an ultravi- 
olet absorbent Th amount of the ultravtolet absorbent to be added to tiie resin is in a range of from 0.005 % by weight 
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to 1 0% by weight based on the weight of the resin, and more preferably from 0.01 % by weight to S% by weight. By treat- 
ing the surface of the adhesive layer with a siiane^ntaining or titan-containing coupler, the binding condition between 
the adhesive layer and the photocatalyst layer may be improved. 

[0033] As a method to can^ an adhesive layer on a substrate, a method to coat the substrate with a resin solution 

5 according to any of printing method, sheet molding method, spray blowing method, dipping and coating method, ^in 
coating method, etc and then to dry the coated-substrate can be employed. The temperature for drying the coated-sub- 
strate is preferably at 1 50 "C or less, though rt differs depending on type of solvents and resins. When a thickness of an 
adhesive layer is 0.1 ^im or more, it is possible to prepare a photocatalyst-carrying structure whicii can strongly bind a 
photocatalyst layer and a substrate and has high durability. Whereas, in case of a coating method, such as gravure 

10 method, which rec^'res a process for drying and curing the adhesive layer In a short time, it is also allowable to add a 
curing agent, such as silicon compounds or the like, into the adhesive layer material from 0.1 to 10% by weight based 
on the weight of the solid component of the adhesive layer material, depending upon hardening speed required. 
[0034] A metal oxide gel or a metal hydroxide gel presenting in a photocatalyst layer provides an effect to fix photo- 
catalyst powder and to strongly adhere it to an adhesive layer, and therefore, a photocatalyst-canying structure com- 

is prising such metal oxide gel and/br metal hydroxide gel show excellert adhesibity. cfajrability arwl weather resistance as 
shown in the examples of the embodiment for the present invention. In addition, such metal oxide gel and metal hydrox- 
ide gel have porous structure and are adsoibate, and tiiey have further an effect to enhance photocatalytic activity A 
preferable range for the content of such metal oxide gel or metal hydroxide gel in tiie photocatalyst layer is from 25 to 
05% by weight When this content is less than 25% by weight, the binding with an adhesive layer may be insuffident, 

20 whereas photocatalytic activity may be insuffident when that content exceeds 95% by weight 

[0035] Furthermore, the binding descrfl3ed above arxl the photocatalytic activity can be improved, when the spedfic 
surface area of the metal oxide gel or the metal hydroxkle gel after drying at 150 Is 50 m?/g or more, and more pref- 
erably 100 m^/g or mora 

[0036] As examples for a metal in the metal oxide gel and ttie metal hydroxide gel as described above, silicon, alu- 
^ minium, titanium, zirconium, magnesium, niobium, tarttalum, tungsten, tin, etc. are given. 

[0037] The sticking property of a photocatalyst layer after dipping it ffrto boifing water can be inproved by using a 
metal oxide gel or a metal hydroxide gel compridng 2 or more metals selected from a group consisting of silicon, alu- 
minium . titanium, zirconium and niobium. As exanples for a combination of metal components showing tx5ling water 
resistance, silicon-alunrdnium, silicon-titanium, silicon-zirconium, silicon-niobium, aluminium-titanium, aluminium-zirco- 
30 nium, aluminiunvniobium, aluminium-tantalum, titanium-zirconium, titanium-niobium, titanium-tantalum, silicon-alumin- 
ium-zirconium and stilcon-aluminiun-trtanium are given as preferable, ar^ metal oxide gels and metaJ hydroxide gels 
comprising metals, such as silicon-aluminium, silicon-titanium, silicon-rircorBum, silicon-titanium-aluminium and sili- 
con-aluminiunvziroonium are given as more preferable ones. 

[0038] If ttie spedTic surface area of these metal oxide gels or metal hydroxide gels Is 50 m^/g or more, they provide 
36 high sticking property and improved photocatalytic activity to a photocatalyst layer, ther^y allowing ttie frfiotocatalyst- 
carrying structure to retain excellent binding property even afi& cfipj»ng it into bofling water. In practical i^es, Ixjth gels 
prepared by mixing a sol for forming a gel and complex oxide gels prepared by copredpitation metttod or ttie like may 
be used. For nrnxing witti a photocatalyst, it is de^rable eittier to unifbmily nix a metal oxkle or hydroxide In a state of 
sol before forming gel or to mix in a stage of a raw material before preparing a soL 
40 [0039] As a method to prepare gels, a method to hydrdyze a metal salt a mettiod to decompose a metal salt by neu- 
tralization, a method to exctwmge ions, a mettiod to hydrolyze a metal alkoxide, and ttie like can be given, however, any 
methods by which ttie gel is obtained in a state that photocatalyst beuntfbmnly dispersed in ttie gel. are aDowable to 
usa Provided, as ttie sticking pr^>erty and ttie photocatalytic activity of a photocatalyst may be affected If plenty of 
impurities are contained in the gel, it is preferable to use a gd containing less tnrpurities. 
4S [0040] Further, by adding erttier of silkx)n-nvximed resin or a silane coupler into 10to50% 
by weight it is possible to obtain a photocatalyst l^er whidi retains high photocatalytic activity and has an excellent 
binding property evaluated as more tfian 6 pdnts according to ttie adhesive property test cross-cut Scotch tape test 
provided in JIS-K5400 even after dipping it into boiQng water for 15 minutes. 

[0041] The silicon-nvxfifled resin or a silane coupler to be added into a photocatalyst layer has an effect to improve 
so the adhesive property of ttie photocatalyst layer to a substrate in boiling water. As ttie dficon-modified resin, commonly 
avaOable r^ns, such as sillcon-acryt resin and silkx^n-epcxy rean. erttier in a state otsdution in a solvent or suspen- 
sion in water are usatda Whereas, as ttie silane coupler, a compound represented general formulas, RSiOOa and 
(R)2Si(Y)2. wherein R is an organic functional group and Y is chlorine atom or alkoxy. and the like are usabia In ttie 
general formulas descrtt>ed abova mettiyl. ethyl, vinyl, T^lyddoxypropyl, rmettiacrytaxypropyl, r<2-aminoettiyl)amino- 
ss propyl, rchloropropyt, rfnercaptopropyl, 7^aminq3ropyl and r^icrylooiypropyl, etc are given as the examples for a sul>- 
stituent. represented Ijy R. and in addition to ditorine atom, any of C1-C5 alkoxy, such as mettioxy, ethoxy, p- 
metiroxyettioxy and p-ettioxyettioxy, are also usable as a substituent represented by Y. 

[0042] The amount of saicon-nradified resin and a silane coupler to be added to a photocatalyst layer is preferably 
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from 1 0 to 50% by weight on the solid component kiasis. If the such amount is less than 1 0% l>y weight binding property 
after allowing the layer to bofling water test will be reduced, whereas the added-amount exceeds 50% by weight, 
remarkable decrease in photocatalytc activity may be caused. As the method to add either the silicon-modified resin or 
the silane coupler into a photocataiyst layer, a method to add such resin into a photocatalyst in a state of either powder 
5 or sol and a method to add them into either a metal oxkle sol or a metal hydroxide sol which are used for forming a metal 
oxide gel and added with a photocatalyst The addition of silicon-modified resin in emulsion to the sol described above 
is particularly preferable, since it can improve binding property of a photocatalyst layer in boiling water with neariy no 
deacrease of photocatalytc activity. 

[0043] Also, an additive, such as a cross-linking agent can be confined into the silicon-modified resin or the silane 
10 coupler. 

[0044] As the photocatalyst of the present invention, any type thereof, such as in powder fbrni, sol and solution, can 
be usable if it can bind with an adhesive layer and show the photocataJytic activity, when it has been dried at a drying 
temperature for the photocatalyst layer. When a photocatalyst in a soi state Is used, it is preferable to use the one of 
which particle diameter is 20 nm or less, and more preferably 10 nm or less, because the transparency of a photocata- 
15 lytic layer may be improved and linear permeatjiFrty thereof inaeases, and therefore, it is especially preferable to use 
such photocatalyst for coating of glass substrates and plastic moldings, which are required to be transparerrt. Further- 
more, if color and/or patterns are applied on an underlying sid)strate, a transparent photocatalyst layer coated with such 
photocatalyst is advantageous because it does not give adverse influence to colors and/or patterns on the underlying 
substrates. 

20 [0045] As the photocatalyst to be used for the photocatalyst layer according to the present invOTtion. T1O2, ZnO. 
SrTlOa. CdS, GaP, InP. GaAs. BaTiOg, KMbOg, FegOa, TagOg. WQ3, SnOg. BigOg. NiO, CuaO, SiC, SiOg. VI0S2. InPb. 
RUO2. CeOa and the fike. and mixtures of these photocalalysts with a metal or a metal oxWe, such as Pt Rh. RuOg, 
Nb. Cu, Sn, fsfi and Fe. can be used. In addition thereto, ail mbctures prepared by adding a metal, such as Pt Rh, RuOg. 
Nb, Cu, Sn. Ni and Fe, into the photocatalyst by using photocatalyst reduction reaction, are also appltcatsle In the 

25 present invention. The photocatalytic activity increases along with the inaease of content of a photocatalyst in tiie pho- 
tocatalyst layer, howeveer. it is preferable to maintain the content to 75% by weight or less in view of maintaining suffi- 
cient binding property 

[0046] The photocatalyst coating material according to the preserrl Invention is characterized in that the solution com- 
prises silicon compound 0.001-5% by weight a metal oxide sol and/or a metal hydroxide sol 0.1-30% by weight on the 
30 solid component basis and a photocatalyst powder and/or sol 0.1-30% by weight on the solid component basis. 

[0047] As the examples for the silicon compounds added to the photocatalyst coating nraterial of the present inven- 
tion, alkoxy silane represented by a gaieral formula (2), 

SiR3n5(OR^)4-n5 (2) 

35 

wherein is unsubstituted or sutjstituted alkyl having 1 -8 caitxjn atoms with amina chlorine atom or cabaxyl, R^ is an 
alkyi having 1-8 carton atonts substituted with alkyf fiaving l-Scartsonatomsoralkoxy, andnsisaxtyofO, 1, 2and3, 
and the mixtures with one or wore of those hydrolyzed products can be used. In the general formula (2), mettryl, ethyl, 
vinyl, irglycidoxypropyl, rmethacryloxypyopyl. r{2-aminoethyOaminoprc^, y-chloropropyl, y-mercaplopropyl. 7-amino- 

40 propyl, racryfoxypropyl and the like are given as the example for the subslituent represented by R^, and Ci-Cb alkoxy, 
such as methoxy, ethoxy, n-propoxy, l-propoocy, n-butoxy, p-ethoxyetlioxy and 2-ethyfhexylQxy. are preferable as exam- 
ples for the sitostftuent represented by -OR^ As the example for the silicon compoiiids represented by the general for- 
mula (2), tetramethoxy sflane, tetraethoxy silane, methyttrimethoxy silane. methyltriethoxy silane. and mixtures 
conasting of one or more hydrolyste products of those compounds mentioned hereinabove can t^e preferatsly given. 

45 [0048] By adding a smafl anrwunt off the siflcon compound descrtoed above into a coating soluiton fdr fonrtng a pho- 
tocatalyst layer, stable coating material for forming a photocatalyst layer which results ^ a less nncrease of vtecosfty and 
parlides sedimentation even preserving it for a long time can be obtained. As to the amount of the silicon compound to 
be added to the coating material fbr fonmlng a photocatalyst layer, it Is preferable to add it from 0.001 to 5% by weight 
on the solid component basis. When the such amount is less than 0.001% by weight the stability of the coating material 

60 for forming a photocatalyst layer becomes lowered when it is presented for a long time, where^ a prominent decrease 
In photocatalytic adtivity will be caused when such amount to add is more than 5% by woght As a method to add a 
sificon compound into a coating material fbr forming a photocatalyst layer, a method to add it into a solution of a photo- 
catalyst in the either fonm of powder or sol, a method to add it into sol of either a metal oxide or a metal hydroxide, which 
are added together witii a photocatalyst, and tiie like can be empfoyed. Attemativeiy. partly-hycirolyzed siRcon com- 

55 pounds may be added into the coating material. As the sITicon confound to be added into the coating material for form- 
ing a photocatalyst layer has an effect to Increase the binding property of a photocatalyst in boiling water, it is possit}le 
to reduce an anruxiTTt of the silicon compound to add when the silane coupler as described above 6r the like has been 
added Into the coating material. 
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10049] It is preferable to add a metal oodde soi and/or a metal hydroxide sd 0.1 -30% by weight and photocatalyst pow- 
der and/or sol 0. 1 -30% by weight on the solid component basis relative to the weight of the coating material for forming 
a photocatalyst layer, respectively, into the said coating sotoon. 

[0050] If a ratio of amount of the metal oxide sol and/or the metal hydroxide sol to add is less than 0. 1 % by weight. 

5 property to bind a photocatalyst to a substrate win be insufficient, whereas if the such rate is more than 30% by weight! 
the amount of photocatalyst powder and/or sol added concu^ently is obliged to be reduced, thereby photocatalytic 
activity will be lowered. Whereas, photocatalytic activity will be too low if a ratio of amount of the photocatalyst powder 
and/or sol to add is less than 0.1% by weight and a pfKJtocatalyst layer will be easily exfoliated since the amount of a 
metal oxide sol arxl/or a metal hydroxide sd for binding the layer to a substrate is obliged to be reduced if a ratio of 

10 amount of the photocatalyst powder and/or sd to add is 30% by weight or mora 

[0051 ] "Rie coating material far forming a photocatalyst layer according to the present invention is concun-ently used 
with a coating material for forming an adhesive layer, with which an adhesive layw can be fbmied in between a photo- 
catalyst layer and a substrata As the coating material for forming an adhesive layer, a composition which contains from 
1 to 50% by weight on the solid components basis a silicon-modified resin containing 2-60% by weight of silicon, a resin 

IS containing 3-60% by weight of polysiloxane and a resin containing 5-40% by weight of colloidal silica can be used. 
[0052] As a resin suitable to be used for a coating composition for forming an adhesive layer, it is preferable to use 
the resins usable for an adhesive layer as described above, by alone or in a mixture with any other one of such resina 
Such a coating composition is then preferable to be prepared either in solution of an organic solvent or in aqueous 
emulsion and the content of the resin as a sdid element is preferably selected from 1 to 50% by weight When a coating 

so conposition wherein the concentration of solid content of such resin is 1% or less, the adhesive layer is formed too thin 
and the dncGng of the photocatalyst layer win be difficult to maka Whereas, when a coating composition wherein the 
concentration of the solid content of such resin is 50% or more, the adhesive layer will be formed too thick and it wiD be 
difficult to properly make a coating film and handle such a coating composition because it will get too much viscoua 
[0053] When forming a photocatalyst layer on an adhesive layer, a suspension wherein a photocatalyst is dispersed 

23 in a sol of either a metal oodde or a metal hydroxide can t>e affiled by coating according to a method which is the same 
as the one for forming an adhesive layer. Alternatively, a photocatalyst can be dispersed in a solution of a precurser of 
either a metal oxide sol or a metal hydroxide sol and is then prepared to a form of either sol or gel through a process of 
hydrdysis or neutralizing decomposition at the coating process. When the sd prepared as descn'bed above is used, a 
def locculant such as an add and an alkali, may be added for improving stability of the sol. Alsa it is possible to further 
30 improve the adheave property and easiness in harKlfing by adding a surfactant silane coupler or the like into the sol 
5% by weight or less based on the weight of a photocatalyst Drying temperature at tiie time that a photocatalyst layer 
is formed is preferably from 50 to 200**C though it differs depending upon the difference in substrates and resin materi- 
als used for the adhesive laye-. 

[0054] Though a thicker photocatalyst layer provides higher photocatalytic activity, there is no big difference in the 

3S activity if the thickness exceeds 5 fint The photocatalyst layer d which tiiickness Is 5 fim or less is preferable because 
it provides high photocatalytic activity and Oght transmittihg prq3erty tfiat makes the adhesive layer less conspicuous. 
However, though light transmitting property is irrproved in case that a thickness of the photocatalyst layer is less than 
0.1 ^m. it is not expectable to obtain high photocatalytic activity since ultravidet ray that can be utilized by a photocat- 
alyst is also penetrated through the photocatalyst layer. Whole light transmittance in total of a photocatalyst layer and 

40 an adhesive layer at a wave length of 550 nm will be 70% or mora if a thickness of the photocatalyst layer is set to a 
range of from 0.1 |un to 5 jim and a photocatalyst of wfiidi partides having a diameter d 40 nm or less and eittier a 
matal oxide gel or a metal hydroodde gd of which specie surCace area is 100 mVg or more are used. In case of a pho- 
tocatalyja-canrying structure off which whole light transmitlance at a wavelength of 550 nm is 70% or more, vistole light 
penetratirTg through the structure can be used for iDumirmtion, whereas such structure w9l be useful from the omamen- 

45 tal view pdnt as it does not spofl a design cm a substrate if the suksstrate of such structure is opaqua 

[0055] The substrate can be fdmed in any complex shapes, such as film-tike, plate-shaped, tubular, f tber-Gka and 
retioilar. and the adhesive layer and the photocatalyst layer can be provided to any of the such sutistrate to thereby 
form a desired photocatalyst-carrying structure. As to the size d the substrate, it can cany both the adh^ive layer and 
the photocatalyst layer if it has a size of 1 0 |xm or mora Even an organic polymer which is not allowable to be heated 

so at the time of coating and a metal which is easily ooddized and cont>^ve by heating or yvith water are used for the mate- 
rials for the sut»trate. it is possible to prepare a structure whereto an adhesive layer and a photocatalyst layer are pro- 
vided, which may show both high photocatalytic activity and high durabOity. In order b improve the dose adherence 
between a sutsstrate and an adhesive layer, a suisstrate of which surface is subjected to discharging process, primer 
process and the Qke can be used as wefl. 

55 [0056] As indcated in the exanples described bdow in this spedflcation. the photocataiyst-canTing structure accord- 
ing to the present invention is useful for paints for arcfiitectural usa wall papers, window glass, bijnds. curtains, carpets, 
illumination appliances, lightinga black lights, paints for a ship bcmm and fishing nets, fillers for water treatment 
vinylchloride films for agricultural use. sheets for preventing growth of weeda packaging materiala eto. In addition, the 
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photocatalyst-carrying structure can be made to a structure which is usable under a high temperature and highly humid 
conditicyi. 

[0057] According to the present Invention, it is possible to provide a structure carrying an adhesive layer and a pho- 
tocatalyst layer having high durable property being expressed as an evaluating point of 6 or more in an adhesive prop- 

5 erty test according to a method called cross-cut Scotch tape test provied In JIS K5400 even after exposing it to black 
light having an uftraviolet radiation intensity of 3 m W/ cm^ for 500 hours at 40**C and 90% R. H. Additionally, in an accel- 
erated weathering test by using Sunshine weather meter, a phtocatalysl-canrying structure able to show such a excel- 
lent weathering resistance being expressed as an evaluating point of 6 or more in an adhesive property test for 500 
hours according to said cross-cut Scotch tape test provided in JIS IC5400 has been obtained. Furthermore, a structure 

10 which shows high resistance to boiling water such that the adhesive property of the structure evaluated by cross-cut 
Scotch tape test provided in JIS K5400 after dipping in boiling water having an electric conductivity of 200 nS/am at 
20*0 for 15 min. is expressed as an evaluating point of 6 or more. Since high photocataiytic activity is observed in any 
samples of the structures, it Is understood that the structure according to the present invention has satisfactory proper- 
ties with regard to various uses as described abov& 

IS [0058] When a substrate Is made of glass, the glas^ can be fbmied in any complex shapes, such as plate-shaped, 
titular, ballshaped and ftoer-like. and is provided with said adhesive layer and said photocatalyst layer. As to the size, 
such glass can carry finmly if it is 10 nm or more in stza Moreover, depencfing upon Its usages for, such as window 
glass, show cases and glasses, it is also possflsle to apply such layers to the processed glass to thereby make a pho- 
tocatalyst-carrying glass acoorcfing to the present invention. 

20 [0059] The photocatalyst-carrying glass according to the present invention can be used for various items which 
require antimicrobial, deodorant and antisoiling effect, such as cameras and lens for glasses, as well as window glass, 
cover glass for instruments, illumination appliances, lightings, black light blue fluorescent lanrps and fillers far water 
treatment ^ 

[0060] A plastic molding carrying a photocatalyst according to the present Invention can be used for various uses 
25 which require antimicrobiai, deodorant and antisoiling effect, such as cameras and lens for glasses, as well as wall 
papers, board for Interior decoration, furnishings, electric appliances, and parts for carriages. 
[0061] Regarding the shape of the plastic molding descrii^ above, any complex shapes, such as film-like, plate- 
shaped, tutjular. ball-shaped and fiber-like, can be used for manufacturing a structure made of plastic molding provided 
with said adhesive layer and said photocatalyst layer. As to the size, such plastic moWings can carry such layers firmly 
30 if Its size is 1 0 iim or mora Furtfiermore. depending upon the usages, such as for construction materials, ^ectric appli- 
ances for home use and glasses, it Is also possible to apply such layers to tiie plastic mokfing to thereby manufature a 
photocatalyst-carrying plastic molding according to the present invention, and therefore, it is understood that the struc- 
ture of the present invention has sid>stantially a wkie application range for usa 

[0062] Many kinds of cloth can be used for ttie substrate of the present invention; textiles, knit doth, and nonwoven 
35 fabrics conrprising single or mixed fibers consisting of natural fflbers, such as wool, silk, cotton and hernp yam. regen- 
erated fbers, such as rayon and acetata synthetic f3>ers. such as nyloa acryl. polyamida polyester, polyacrylnitrile and 
polyvinyl chlorida and heat-resistant ftoers. such as aramid fibers, are given as tiie examples. Alsa as the structure of 
the presaTt invention, a cloth applied with a water repelent, aich as silicon-containing water repelent. fluorine-contain- 
ing water repelent including perfluoroalkylacrylata zirconium salt-containing water repelent and etiiylene urea-contatn- 
40 ing water repelent a doth treated with both water repelent and a cross4inkjng agent such as ethylene imina epoxy arid 
melamine compounds, for iirproving durability, if appropriate, an imifation leather consisting of fibril-fbrmed complex 
fiber of polyamWe and polyester, and a synthetic leather wheran a polyurethane resin layer is formed on a sutjstrate. 
such as tsxtila nonwoven fabric and knit doth, vfa a birxier made of potyurelhana Alsa try applyir^ such a water repe- 
lent and the like to doUies being processed to umkn-ellas. tents, bags, etc.. the photocatalyst-carrying dothes according 
45 to the present Invention can be obtained. 

[0063] The photocatalyst-carrying dotti specified in the present invention Is appGcable for various uses which require 
antirrticrobiai, deodrant and soiling resistant effect for example, interior decorection, such as curtains and wall papers, 
tents, umbrelfas, daily necessities like table doth, food package materials arxi the like, and agricultural usa such as 
sheets for seedling beds. 

60 [0064] For the photocatalyst-carrying metal according to the present inverttion, an alloy, sudi as stainless steel, brass, 
aluminium alloy and titan alloy, can be used as a substrate as well as single-element metala such as alurrtinium, iron 
and copper. Addrtionally, in case that it is allowable from the configuration and quality point of view of a metal to usa it 
is also posable to carry botti an adhesive layer and a photocatalyst layer according to the present invention onto tire 
substrate, such as a metal sheet arxi plate painted with normal coloringa and a cofored steel plate or aluminium plate. 

S3 In tfiis casa it is f urtiier preferable that if ttie light transmittance of both adhesive layer and photocatalyst layer is suffi- 
dentiy high and transparent such layers do not give bad irrfluence to ttie color on the mdertying substrata 
[006^ As to tiie configuration of the metal, there is no difficulty to make th configuration of the meial into any complex 
shapa such as plate-shaped, tubular, ball-shaped, fber-like and sheet-shaped, to cany such adhesive layer and pho- 
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tocataJyst layer thereon. And, the metal can cany such layers f imnly if the size thereof is 1 0 ^im or larger. Furthermore. 
dq3ending upon the usages, for example, for window flames, show cases and flames for glasses, all of which have been 
processed, the photocatalyst-carrying metaJ according to the present Invention can be manufactured by applying such 
layers to the metals having been processed. 

5 [0066] The photocatalyst-canTtng metal according to the present invention can be used for various uses which require 
antimicrobial, deodrartt and soiling resistant effect fOT example, strainers, fitters arxi the Gka as well as window flames, 
furnishings, accessories and decoration, panels for interior and exterior decoratioa fiQers fbr water treatment etc. 
[0067] As to the configuration of timbers and woody materials whereto the adhesive layer and the photocatalyst layer 
according to the present invention are provided, any complex configuration, such as plate-Gke. tutsular. bail-shaped and 

10 sheet-like, can be enployed. Such timbers or woody materials can sufficiently carry such layers thereon if th^r size are 
10 fim or larger, arid it is allowable to manufacture a photocatalyst-carrying timber or woody material according to the 
present invention by applying such layers onto tfie such timber and woody material, such as walls, ceiling boards, col- 
umns, furnishings and woodworks, which have been processed beforehand. 

[0068] The timber arid woody material carrying a photocatalyst according to the present invention can be applied for 
IS various uses which require antimicrobial, decdrant and soiling resistarrt effect for example, for construction materials, 
furnishings, woodworte. and rhaterials for irrterior decoration. 

[0069] By taking advantageous properties, such as soiling resistant antimicrobial and deodorant functioa a plastic 
film provided with the photocatalyst-carrying structure according to the present invention can be made as films of which 
face, whereto a photocatalyst is not carried. Is applied with an adhesive, and such films can be applied to the inner face 

20 of window glass of a structure, such as cars and various transportation means, tuildings. freezing and cooling show 
cases and greenhouses, thereby witti such glass allowing to provide highly-transmissible glass which expedites decom- 
position of trace harmful substance existing in the inner space and has soiling resistam effect on a glass surface and 
preventive effect to glass spattering at its destruction. When the photocatalyst-cairying structure according to the 
present invention is prepared by using a thin plastic film as a substrate, it can be used as a wrap fOm fbr food package 

2s usa As a resin applicable fbr such plastic films, a resin, such as polyethylene-telephttialate resin, potycartxsnate resin, 
polyacrylate ester resin, polymethylmeti^crylate resin, polyethylene resin, polypropylene resin, polyamide resin, poly- 
irrdde resin, polystyrene resin. poly(vinyI chloride) resin. poty(vinyridene fluoride) resin, ethylene fluoride-propylene 
copolymer resin and ethylene fluoride-ethylene copolymer resin, which can be molded into a highly transmissive syn- 
thetic resin film or sheet of which linear light transmittance at a wavelength off 550 nm is a>% or more can be used. Fur- 

30 thermore, since the photocatelyst-canrying structure according to the preserrt invention is transparent it does not give 
bad influence on design and patterns printed on the surfece of the underiyir>g wafl papers and decc^'ation sheets so that 
the photocatalyst layer can be applied advantageously onto tiie surface of an opaque material, such as wall papers and 
decoration sheets, provided with an adhesive layer and a detachable Him layer on its background. 
[0070] In these synthetic resin rOms or sheets descra)ed above, it is possible to iirprove the adhesive property of the 

35 adhesive layer in the photocatalyst-carrying structure by treating ttie si^ce of such films and the sheets, of which sur- 
face whereto an adhesive layer is appGed. are physicaUy sutsjected to trace amount cxidization by corona discharge 
treatment arrd UV-ozone treatment and the ones of which contact with an adhesive layer are Improved k>y slight appli- 
cation of a surface treating agent such as silicon-containing compounds, can be used advantageously. In addition, as 
shown in the exanples fbr the embodimerrt of the (vesarrt invention, it is also possible to foe a thin film on the surface or 

40 the background of such rmterials fbr provkfrng reflecting and shading function against thermic rays arKi ultraviolet ray, 
thereby thermic rays reflecting films and ultraviolet ray interrupting films concurrentiy having sdling resi^ant arrtimicro- 
bial and deodorant function become obtainabia It is understood that tiie photocatalyst-carrying structure according to 
the present invention has both excellentiy high durability and photocatalytic activity, and tiierefore. it coutel be exceed- 
ingly useful and valuable product 

4S [0071] As a method to provide the tiienmic rays reflecting function described atxive, various rrtethods, such as a 
method to fbrm a ftim onto a fOm surface witti an electroconductiva metal, such as Al. Ag, Cu. Cr, Mi. Ti. stainless and 
aluminium aOoy, or an electroconductive metal Godde, such as irxilum oxide, tin oodde and tin oxkJe-indium oxide com- 
pourxj, according to a physical means, sudi as sputtering arxl vacuum ek^aporation. a method to form a film onto a fOm 
surface by means of applying and then drying an electroconductive metal oodde soluiton or sol onto the fOm surface or 

so errplcying either plating method or CVD method and a ntethod to admix a material having thermic rays reflecting prop- 
erty and/br thermic rays interrupting prop^ty into the substrate, can be employed. Yet. as a method to provide ultravf- 
olat ray Intemjpting function, various methods, such as a method to form a fSm onto a film surtace by applying an 
ultraviolet ray at}sort>ent such as hindered amine-containing compounds and titanium oxide, and an ultraviolet ray 
reflectirtg agent aixl a method to admix an ultraviolet ray absortaerrt into a f9m sutsstrate beforehand, are allowed to 

ss employ and is selectatde depencfing upon its use purpose and chemical structures. When titartium cticodde is used as 
ultraviolet ray bkxi<er or ultraviolet ray reflecting agent it is preferable to use the one whk;h has lost its photocatalytic 
activity due to slight coating of the airfiace of titatium dloodde with soluble glass or the Gka, becai^e surrourxling organic 
materials are decomposed due to photocatalytic action if titanium dioxide is existing alone, as explained in detail in the 
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present nwerrtion. 

[0072] MateriaJs having thermic rays reflecting function and ultraviolet ray iDlocking function can be incorporated into 
a sticker layer which is formed on the background of a film to provide such functions. For example, a material like ultra- 
violet blocking dear coating agent desalbed in "Convertec", March 1996. page 95. is solvent-dispersible type and is 

5 applicable tor the above purposa Stickers, such as acryl-type and silicon-containing conrpounds are normally used, 
however, it is also feasible to add various types of ultraviolet ray blocking agents arxl thermic rays blocking agents. Con- 
sidering spoil caused with the remainning sticker at the time of renewal the photocataiyst canrying film, it is advisable to 
avoid the use of a sUcker having strong binding property. As a method to provide a sticker and a detachable film onto a 
photocataiyst-carrying film, a method to firstly coal a sticker in solution to the reverse side of the film by means of gra- 

10 vure printing and then dry and roil the coated-film together witii detachable polypropylene film while laminating it there- 
with is simple and may be preferably errployed. 

Brief Description of Drawings 

IS [0073] 

Rg. 1 is a chart for the aoss section of the photocataiyst-carrying structure according to the present invention. 
B St Mode for Canying Out the Invention 

20 

[0074] The present invention is definitely explained with referring ttie examples described below, however, the present 
Invention shouki not be limited to the scope described in such examples. 

( Evaluation Method) 

S5 

1) Evaluation of Photocatalytic Activity 

[0075] A sanple canrying a photocataiyst with a dimension of 70 mm x 70 mm is placed in a 4-iiters Pyrex glass con- 
tainer. A mixed gas consisting of air and acetaMehyde was introduced in this container and the concentration of the 
30 acetatelehyde was set to 500 ppm. The sanple was exposed to black light (Type: PL 15BL-B; Manufactured by Matsu- 
shita Heclric Industry Co., Ltd.) with an uHravioIet ray intensity of 2 mW/om^ for 2 hours. Then, a concentration of 
acetaldehyde gas in the container was determined by using gas chromatography, and photocatalytic activity was deter- 
mined based on the decreased amount of the concentration. Criterion for the evaluation was provided as follows. 

35 



AcetaUehyde Gas Con- 
centration after 2 Hours 


Evaluated Rank 


<50ppm 


A 


50 -200 ppm 


B 


200 - 300 ppm 


C 


300 - 450 ppm 


D 


450 ppm < 


E 



2) Evaluation of Adhesive Property 

so [0076] Evaluation of adhesive propoty was carried out accorcfing to cross-cut Scotch tape test which is provided in 
J IS K 5400. A distance t}etween cros&^cut lines set to 2 mm, and the number of equares'ls fixed to 25. 
(0077] Evaluated point was accorded to a criterion described in JISK 5400. 

3) Dipping Test into Boiling Water 

ss 

[0078] Tap water with an electric conductivity ranging from 1 70 to 230 ^S/cm was placed into a 1 000 ml Pyrex glass 
beaker together with small amount of zeolite, the sample cut into a size of 70 mm x 70 mm was hanged into boiling 
water by using a normal dip to let the whole sanple sink into water after heating and boiling water. After 1 5 min. dipping 
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in boiling water, the sample was ailcwed to cooling and drying at a room temperature for 4 hours, then the adhesive 
property test described in th pafBgraph 2) was conducted to obtain evaluatedix)ints according to the criterion 
desaibed in JIS K 5400. 

5 4) Whole Light Transmrttance 

[0079] Whole ligt transmrttance at a wavelength of 550 nm of the sample carrying an adhesive layer and a photocat- 
alyst layer was measured by using an automatically-recording spectrophotometer (Type: U-4000. Manufactured by 
Hitachi Seisakusho) with refemng a substrate which has not yet cam*ed an adhesive layer and a photocataly^ layer. 

10 

5) Evaluation of Durability 

[0(^0] The carrying sample was allowed to radiation of black light witfi an ultraviolet ray intensity of 3 mW/cm^ for 500 
hours in a chamber maintained at 40**C and 90% R. H., then the adhesive property test described in the paragraph 2) 
IS was conducted to obtain evaluated-points according to the criterion described in JIS K 5400. 

6} Accelerated Weathering Test by Using Sunshine Cartson Arc Weather Meter 

[0081] Accelerated weathering test by using sunshine carbon arc weather meter provided in JIS K 5400 was con- 
st? ducted by using the same meter (Type: WEL-SUN-HCH: Manufactured by Suga ShikenW Co., Ud.) at a conditton, 
namely, test duration of 500 hours, black panel temperature of 63 'C. 1 20 mln. cyde and 18 mia rainfall. 3 pieces of the 
san^les were allowed to the accelerated weathering test then the samples were visually evaluated in terms of swelling, 
cracking, peeling off, whitening and surface change in comparison with the original test pieces which are before sub- 
jecting it to the accelerated weathering test according to the following criterion. 

25 



Evaluated-rank 


CrHerion for Evaluation 


A 


Afl of 3 samples showed no change. 


B 


1 or 2 samples showed slight change. 


C 


An of 3 samples showed slight cfmnge, or 1 or 2 sanples showed apparentiy great change. 



55 [0082] After conducting this test, the adhesive property test as descnlsed in the paragraph 2) was tiien conducted to 
obtain evaluated-potnts according to a criterion de8cn*bed in JIS K 5400. 

7) Test Method for Antimicrobial Property 

40 [0083] The sample cut Into a piece with a dimension of 5 x 5 cm is disinfected with 80% ethanol and ttien dried at 150 
''C and 0.2 ml of a bacterial suspension of cofon badlbjs, which was cultivated and diluted beforehand, to a concentra- 
tion of lO^Anl was fed dropwise to the surface of ttie sample and placed in an incubator. For each radiation condition. 4 
samples were provided for the test respectively, namely. 4 samples far black Bght rKliation (15W x 2 lamps, distance 
between a light source and tiie sample is 10 cm). 4 samples for flourescent lamp radiation (15W x 2 lamps, distance 

45 between a figtit source and the sample is 1 0 on), and an other 4 samples for no ligtit radiation were provided. After pre- 
determined time lapsed (after 1, 2, 3 and 4 hours), the samples were taken out and the bacterial solution attached to 
the samples was wiped off by using cfisinfected gauze rinsed in sterilized physfological saQne solution. The sterilized 
gauze used was put Into 10 ml sterilized physiological saline and throughly stirred. The supematant of the bacterial 
solution obtained was inoculated to an agar medium prepared in a petri dish having a diameter of 95 mm which is ster- 

60 ilized by using an autodave. Then, nun^er of the colonies of cofon bacillus cultivated at 36°C for 24 hours was counted. 
Anotiier sample obtained according to the same prodedure from dropping of the bacterial solution through placing into 
an incubator was treated according to ttie same method as described above. arKi the riumber of colonies of cdon badl- 
lus was counted. Based on the counted-number, the survival rate of the bacteria aft^ each predetermined time was 
cafoulated for each group exposed to no light, black Ught and ftourescent lamp, respectively. The evaluation criterion 

ss accorded to the following. 
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Survival Rate (%} of Clon 
Bacillus after 4 Hours 


Evaluated-rank 


<20% 


A 


20 - 40% 


B 


40 - 60% 


C 


60 - 80% 


D 


80%< 


E 



15 8) Evaluation of Soiling Resistant Property (Decomposition Activity of Fat arKl Oil) 

[0084] As an index to evaluate soiling resistant function of the sample, a decomposed amount of common salad oil 
mainly composed of iinoleic acid on a photocatalyst-carrying structure was qualitatively determined In order to know 
how fast can fat and oil attached on the surface be decomposed. To the surface of a photocatalyst-carrying structure 
cut into i^eces with a dimension of 5 x 5 cm. salad oil was applied slightly at a dose of 0.1-0.15 mg/crn^ by using a 

20 paper. The quantity applied was calculated from the difference of the weight of the structure before and after an appli- 
cation of oil that were measured by uang an acurate balanca As an index of soiling resistant property, deconposed 
amounts of salad oil after predetermined time were determined by adjusting the distance between the sample and black 
light to take a point where an ultraviolet ray intensity on a surface of the sample becomes 3 mW/ cm^ and calculating 
the relationship between lapsing time and weight decrease antount after lighting black 

25 



Remaining rate (%) of 
Salad Oil after 24 Houns 
Light Irradiation 


Evaluated-rank 


<10% 


A 


30 - 10% 


B 


50-30% 


C 


80-50% 


0 


80%< 


E 



40 


< Examples) 




[0085] 


As a nrmterial for a sut)strate ttie following were used. 




(TA) 


Primer-treated polyester fOm 


46 


(TB) 


Vinyl chtoride film 




CtC) 


Soda lime glass plate 




CtD) 


Metal aluminium plate 




(TE) 


High-density polyethylene mesh 






(Thickness of fiber: 0.2 mm, Mesh size: 0.6 mm) 


SO 


(TF) 


Polypropylene tube 






(Inner diameter: 30 mm. Outer diameter: 36 mm) 




[0086] 


As polysilGxane contained in an adhesive layer, the fdtowings were used. 



55 (PS-1) Silicon tetramethoxide monomer (Manufactured by Shinetsu Chemical Irxfustry Ca, Ltd.) 

(PS-2} Polymethoxy siioxane (Manufiactured by Colcoat Co.. Ltd., Trade f^lame: Methyl silicate 51) 
(PS-3) Polyethoxy siioxane (Manufactured t}y Colcoat Co.. Ltd.. Trade Name: Ethyl silicate 40) ^ 
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[0087] As oonoidal snica oontained in an adhesive layer, the fbilowings were used. 

(KS-1) Trad Name: Cataloid SI-350 (Manufactured by ShokiAjai Kagaku Ca, Ud., Partide diameta-: 7-9 nm) 
(KS-2) Trade Name: Snowtex ST-XS (Manufactured by Nissan Chemical Industries Co., Ltd.. Particle diameter: 4- 
5 6 nm) 

[00881 As a resin solution whereto polysiloxane or colloidal silica is introduced, the fbilowings were used, 

(J-1) 3% by weight of silicon containing acryl-silicon resin solution in xylene 
10 (J-2) 10% by weight of sificon containing aoTl-silicon resin solution in xylaie 

(J-3) 20% by weight of stlicon containing acryi-silicon resin emulsion in water 

(J-4) 50% by weight of silicon containing acryl-silicon resin emulsion in water 

(J-5) 10% by weight of sificon containing polyester-silicon resin solution in xylene 

(J-6) Acryl resin solution in xylene 
IB (J-7) Polyester resin solution in xylene 

(J-8) 3% by weight of silicon containing epoxy-slOcon resin solution in methylethylketone 

[0089] Either polysiloxane or colloidal silica was mixed with a resin solution, and the mixture obtained was diluted to 
a certain concentration to thereby prepare a solution to be used for forming an adhesive layer. The adhesive layer was 

20 formed by employing dipping method when a tWckness of the layer is 2 ttm or less and the configuration tfiereof Is other 
than plate-like, whereas it is fbnmed by using baker applrcator when the thickness is 2 or more and the configuration 
thereof is (^ate-lika In particular, the adhesive layer is fbrmed according to dipping method when the configuration of 
the substrate is tubular or reticular. Drying process for the adhesive layer was taken place at 80 *>C when the material 
of the substrate is (TE) or (TT=), and at 60*C when the material is (TB). and at 1 20»C in all other cases. 

25 [0090] For the photocatalyst the foHowing materials were used. 

(C-1) Fine powder of titanium doodde (Manufactured by Nihon Aerozil Ca. Ltd., Trade Name: P-25, cflameter of 
crystallite size: 27 nm) 

(C-2) Trtanium dioxide sol (sol acidified with nitric add, diameter of crystalffte size: 10 nm) 
30 (C-3) Trtanium diosdde sol (weak alkaline sol of pH 9.0. diameter of crystallrte size: 20 nm) 

[0091] A metal oxide sol or a metal hydroxide sol canied together with a photocatalyst was obtained 1^ drying any of 
the following materials in sol. 

33 (Z-1) Silica sol: Manufactured by Shokubai Kasei Co.. Ltd.. Trade Name: Cataloid SI-30. specific surface area after 
drying at 150 -C: 180 m^/g 

(Z-2) Alumina sol: Manufactured by Nissan Chemical Industries Co.. Ltd.. Trade Name: Alumina Sol-200. speciTic 
surface area aft^ drying at 150 *>C : 400 rr^lg 

(Z-3) Zirconia sol: This Is obtainaWe by allowing zirconium tetrabutoxide (TBZR; Manufactured by Nippon Soda 
40 Co., Ltd..) to hydrolyzation in ettianol. drying at ISO'^C. then heating at 300-500 **C. and further allowing to defloc- 
culation with a diluted aqueous solution of nitric acid. Specific suriiace area of further dried product at 150 <*C of the 
del loccutated-sol is in a range of from 50 to 80 m^/g. 

(Z-4) Niobium oxide sol: This is obtainable by aflowing aqueous solution of ntobium oxalate manufactured by 
CBMM Ca. Ltd. to neutrization with 1 0% aqueous ammonia, (frying at 150"C, and then allowing to deflocculation 
45 with a diluted aqueous solution of nitric add. Spedf ic surface area of further dried product at 1 50<*C of the defk>c- 
culated-sol fa 60 m^/g. 

(Z-5) 20% by weight of silicon containing acryl-sQIcon resin emulsiOT in water 

(Z-6) Si lane coupler, tri(^etiiaxyethQxy)v{iiyt silane (Trade Name: A-1 72), manufactured by Nqppon Uniker Ca. 
Ltd. 

50 

[0092] A solution used for forming a photocatalyst layer was prepared by disperstng titanium dioxide into the solution 
obtained as descrSded above arxl adding a predetOTrdned amount of a surfactant The photocatalyst fayer was formed 
by dipping method when the thickness of the layer is 2 ^ or less and/or the configuration of a substrate is tiie one other 
than plate^ike. whereas the photocatalyst layer was formed by using bar coater when the substrate plate and its thick- 
55 ness is 2 ^ or mora Drying process for the photocatalyst layer was taken pface at the same temperature as for drying 
th adhesive layer. ^ 
[0093] Hereurxjer, con^josrtions disclosed in the examples for the embodiment of the present invention and reference 
examples, wherein type, quantity ard^or tfiickness of materials, and/or method for forming films are different and per- 
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fbrmances of the photocatalyst-carrying structure are described in Tables 1 through 4. 

[0094] In the examples 1 through 18 and the reference examples 1 through 4. titanium dioxide (P-25) manufactured 
by Nihon Aerozil Ca, Ltd.. which Is represented at (C-1). wras used as a photocataiyst. The result is shown in Table 1. 
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[0095] In reference exannple 1 , a structure carrying a photcxatafyst layer without providing an adhesive layer is given. 
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In this case, the phtocatalyst layer has no sticking property and is easily defoliated. Furthermore, after durability test, 
the surface of polyester film deteriorated due to a photocatalytic effect, and holes and cracks were observed on the film. 
[0096] In examples 1 and 2, a structure wherein either acryl-silicon resin or polyester-silicon resin is used as an adhe- 
sive layer is given. In this case, the addhesive property of a photocataiyst layer and durability of the structure was found 
5 to be excellent. 

[0097] In examples 3 through 1 2, a structure wherein a resin containing polysiloxane is used as the adhesive layer is 
given. In this case, adhesive property and durability was inprcved. As well as the r^in containing poysilcocane. acryl- 
silicon resin (see examples 3, 4 and 5) and polyester-silicon resin (see example 9) had also acquired good durabifity. 
Further, the resin containing polysiloxane was found to be replaceable with either acryl resin (see example 7) or poly- 
10 ester resin (example 1 2), both of which provided excellent prop«1y to the structure. 

[0098] Contrary, as shown in reference example 2, even though using acryl-silicon resin containing polysiloxane for 
the adhesive layer, a photocataiyst layer lost its adhesive property and was defoliated from the adhesive layer when the 
content of polysiloxane in the adhesive layer is increased up to 70% by weight. 

10QB9] In examples 13 through 18. a structure wherein a resin containing colloidal silica was used as the adhesive 
IS layer is given. In these cases, all of photocatalytic activity, adhesive property and durability were found to be excellent 
In particular, when acryl-silicon resin and colloidal silica In fine particle size (KS-2) were used (examples 15 and 16). 
the resulting adhesive layer was found to be very good. 

[01 00] Contrary, when increasing the content of colloidal silica in the adhesive layer up to 50% by weight, both adhe- 
sive property and durability were become worse radically. 

20 [01 01 ] In examples 1 through 1 8. titanium dioxide (P-25) manufactured by Nihon Aerozil Ca, Ltd. represented by (C- 
1) was used as a photocataiyst and silica sol was used in most cases as a metal oxide sol or a metal hydroxide sol to 
b compounded to the photocataiyst layer, and the structures in all examples are provided witii excellent properties. In 
examples 8 and 9, the structures wherein both layers are carried on a substrate made of polyethylene mesh or polypro- 
pylene tube were disclosed, and it is demonstrated that ttiese structures show excellent photocatalytic activity, adhesive 

25 property and durability. It is also found that such excellent property was still noticeable even decreasing the content of 
silica sol in the photocataiyst layer down to 30% by weight (see example 6), however, both adhesive property and dura- 
bility radically deteriorated when reducing the content down to 20% by weight (see exEurple 4). 
[01 02] In example 1 1 , a structure wherein alumina sol was used instead of silica sol is given, and tills structure is also 
found as excellent in the property as well as using silica sol. 

30 [01 03] In example 1 7, a stoicture wherein a tfiickness of an adhesive layer and a photocataiyst layer was set to 0.5 
|im and 0. 1 pm, respectively. In this casa both adhesive property and durability were excellerrt, and photocatalytic 
activity was found to be very high even the thickness of the photocataiyst layer was very thin. 
[0104] Data obtained in examples 19 tiirough 23 are shown in Table 2. 
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Exanple 19 Use of TTtania Sol 
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[0105] A coating material to be used for forming a photocatalyst layer was prepared by adding and dispersing titania 
sol containing 12% by weight of titanium dioxide and acidified witfi nitric acid, which is a substitute of fine granule tita- 

5 nium dioxide (P-25) manufactred by Nihon Aerozil Co., Ltd.. into silica gel (Trade name: Cataloid SI-30. Manufactured 
by Shokubal Kasel Co., Ltd.) being adjusted to pH 1.5 and then further adding a surfactant Whereas, a solution to be 
used for an adhesive layer was prepared by adding polymethoxy siloxane (PS-2) into a resin solution used in the exam- 
ple 10 at a rate such that the content of silicon oxide in a dried adhesive layer becomes 35% by weight 
[01 06] The solution for forming an adhesive layer was applied by using a baker applicator onto a soda lime glass sub- 

10 strata with a thickness of 1 mm artd a dimension of 7 cm x 7 cm. and the coating material for forming a photocatalyst 
layer was also applied by using bar coater onto the same substrate. Drying tenr^perature was set to the same employed 
in the examples described above. 

[0107] The photocatalyst-canrying structure obtained was found to have very high whole light transmittance. 
IS Example 20 Use of Silica-alumina Sot 

[01 08] A photocalyst-carrying structure was prepared by using the same materials and according to the same method 
as described in the example 19 except replacing siiica sd used in the example 19 with a mixed sol solution consisting 
of alumina sol manufactured by Nissan Chemical Industries Ca, Ltd. and silica sol. 
20 [0109] The pttotocatalyst-canrying structure obtained was found to have high adhesive prop«1y and photocatalytic 
activity. 

Example 21 Coating according to Gravure Printing Method 

25 [01 1 0] By using gravure printing system, the solution for fonming an adhesive layer and the solution for forming a pho- 
tocatalyst layer were applied onto a polyester film (Trade name: Cosmoshine A4100) manufactured by Toyobo Ca, Ltd. 
at a speed of 10 nVmin, and at cfry zone temperature of 130*C such tiiat tiie tiiickness of each layers become 3 pan, 
respectively. For the printing, a microgravure coater with a widtti of 70 cm manufactured by ^sui SeiW Ca, Ltd. was 
used. 

30 (01 1 1 ] The photocataiyst-carrying structure obtained was found to have very high whole light transmittance of 95%. 
Example 22 Coating according to Spraying Method 

[Oil 2] The solution for forming an adh^ive laye' and the solution for forming a photocatalyst layer used in the exam- 
35 pie 9 vt&B sprayed onto a sut)strate made of soda lime glass tiy using a spray gun (Type: WIDER 88, Manufactured by 
Iwata TosoW KcHsyo K.K). Both solutions for forming adhesive layer and for photocalalyst layer were dried at 120 *C for 
30 minutes. 

[0113] The photocatalyst-canTing structure obtained was fojrtd to have good adhesive property and photocatalytic 
activity. 

40 

Example 23 Use of Epoxy-silicon Resin 

[0114] A photocataiyst-carrying structure was prepared by using the same materials and employing the same method 
as descn'bed in the example 12 except replacing the polyester resin solution in xylene witfi methy ethyl ketone solution 
45 of epoxy resin containing 3% fc>y weighit of sOicoa 

[Oil 5] The photocatalyst-canTing sta-ucture obtained was found to have good adhesive property and photocatalytic 
activity. 

[01 1 6] The compo^ois and the results of performance tests on the photocataiyst-carrying structures are preserrted 
in Table 3. 
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Examples 24-25 

[0117] In examples 24 and 25, a structure, wherein acryl-silicon resin is used for forming an adhesive layer, and a 
mixture prepared and composed with 50% by weight of fine granule titanium dioxide P-25 (C-1). 25% by weight of silica 
5 so! represented at (Z-1) and 25% by weight of alumina sol represented at {Z-2) are used for fonning a photocatalyst 
layer, is disclosed. The structures disclosed in these exanples were found to have good adhesive property as well as 
good durability and resistant property under accelerated weathering condition. 

Examples 26 • 31 

10 

tO1 1 8] In examples 26 through 31 , a stmcture. wherein a resin containing pdysiloxane was used for fanning an adhe- 
sive layer, and for forming a photocatalyst layer, fine granule titanium dioxide (C-1) was used in examples 26 through 
28 while titania so! (C-2) was used in exanples 29 through 31 . and the type and the quantity of a sol for forming a com- 
poundable gel were changed, is disclosed. The structures prepared in these examples were found to have good pho- 
15 tocatalytic activity as well as good adhesive property, durability and resistant property against accelerated weathering 
tests following to receiving boiling water test The resins introduced with polysiloxane, such as acryl-silicon resin (exam- 
ples 26, 27 and 28} and epoxy-silicon resin (examples 29 and 30), were found to have good adhesive property, durabil- 
ity and resistance against accelerated weathering. Also, acryt resin irrtroduced with polysiloxane (example 31) was 
found to have good properties. 

20 

Examples 32 • 35 

[0119] In examples 32 and 33. a structure, wherein either polyethyfen mesh or polypropylene tut)e was used as the 
substrate was presorted, however, the photocatalyst-carrying structure having good photocatalytic activity, adhesive 

2S property and durability was not obtained. 

[01 20] In examples 32 through 35, ^ctures. wherein a resin containing colloidal silica was used for forming an adhe- 
sive layer, are disclosed, and photocatalytic activity, adhesive property, durability and resistance against accelerated 
weathering of such structures were found to be excellent In particular, when the structure is prepared with colloidal sil- 
ica in fine particles (KS-2) and the colloidal silica is introduced irtto acryi-siiicon resin emulsion (see examples 34 and 

30 35), this type of structure was found to have very good properties. 

[0121] In ^nrple 29, a structure, wherein a photocatalyst layer was formed with a coating material prepared by dis- 
persing titania sol containing 12% by weight of titanium dioxide, silica gel (Trade name: CatalokJ Sl-30. manufiactured 
by Shokubai Hasei Co.. Ltd.) and alumina sol-200 manufactured by Nissan Chemical Industries Co.. Ltd., adjusting the 
pH of the resulting mixture to 1 .5 and adding a predeta'mined amount of a surfactant to the mbcture. and the thickness 

35 of an adhesive layer and a photocatalyst layer was made to 0. 5 ^im and 0.3 pm by dipping method, respectively, is dis- 
closed. The structure provided with the layers as described above was found to have good adhesive property and dura- 
bility as well as high photocatalytic activity, nonetiiless of the ttu'n tiiickness of the photocatalyst layer. 
[01 22] A structure with mellent physical property was also obtained even if contents in total of silica gel and alumina 
sol in a photocatalyst were reduced down to 30% by weight (see example 30). 

40 [01 23] Photocatalytic activity was determined again on tiie samples, which were pr^sared in the examples 24 tiirough 
35 and were allowed to a durability test under black light at a high temperature and high humidity, dipping test in bdHng 
water and accelerated weathering test by using Sunshine carbon arc weather meter, according to the same method as 
described above, namely based on the decomposed amount of acetaldehyde by Ught As a resuK. it is found that all 
samples showed equivalent deconposing activity to the initial decomposed-amount of acetaldehyde, and rt is found that 

4s the samples have fully kept their intial photocatalytic activity. 

[01 24] The compositions and performance tea results on tine photocatalyst-carrying structures disclosed in the exam- 
ples 36 through 53 are presented in Tables 4 and 5. 



so 

V 



ss 

1 



20 



EP0 923 988A1 



Table 4 
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Photocatalyst Layer 
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♦ 1 :% hf weight as SiOi ia a dried adhesive layer. 

* 2 : X by weight of titanium dioxide and either a metal oxide gel or a metal hydroxide 

gel in total in a dried photocatalyst layer. 
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Adhesive Property 


Adhesive 
Property 


Sunshine Weather Meter 


Whole Light 
Transmit- 
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10 






Before Dura- 
bility Test 


After Dura- 
bility Test 


Mner CTOiiinQ 
Water Test 


State of 
Surface 
Miter lesi 


Adhesive 
Proerty 
After Test 






Exanple-36 


A 


in nt 

Iw pi. 


A rtf 


10 pt 


A 


8pt 


68 




Exannple-37 


A 


in 


a 
O 


10 


A 


8 


65 


IS 


Example-3d 


A 


iw 


in 


8 


A 


8 


63 


Example-39 


B 


in 


in - 


8 


A 


8 


75 




Exarrtple-40 


B 


in 


in 


10 


A 


8 


-*S 




Example-41 


B 


in 


o 
o 


8 


A 


6 


71 


20 


£xample-42 


C 


lU 


10 


10 


A 


8 


82 




Example^ 


C 


10 


8 


8 


A 


6 


87 




ExampIe-44 


B 


-*3 


-*3 


-*3 


A 


-*3 


-*4 


25 


ExaiTple-45 


A 


10 


10 


8 


A 


8 


-*4 


Example-46 


B 


10 


8 


10 


A 


6 


75 




Exaniple-47 


B 


in 


o 
O 


8 


A 

A 


6 


70 






A 

M 


10 


8 


8 


A 


8 


66 


30 


Exampte^S 


B 


10 


8 


8 


A 


8 


77 






B 


10 


8 


10 


A 


8 


-*5 




Exainpte-51 


B 


10 


8 


10 


A 


8 


83 




ExaiTiple-52 


B 


-*3 


-*3 


-*3 


A 


-*3 


-*4 


35 


Example-53 


C 


10 


8 


10 


A 


6 


-*4 




Reference 
Example-S 


A 


2 


2 


0 


C 


0 


54 


40 


Reference 
Example-6 


A 


4 


2 


2 


C 


2 


52 




Reference 
Example-7 


A 


4 


2 


2 


C 


2 


48 


46 


Reference 
Example-d 


B 


4 


4 


2 


C 


4 


51 



* 3 : Since crosspcut Scotch tape test camot be emplcyed, the observation was on ttie stfface of the stkd^g tape side 
by using binocular. As a result, a photocatalyst layer has not been stiched. 

* 4 : ITie determination of tlie light transmrttance could not be made due to its abmormal configmtton. 

* 5 : The determinatton of the light transmrttance could not be made because of an opaque carrier. 



[0125] In reference exannple 5. a structure, wherein a photocatalyst layer Is canled but no adhesive layer is carried 
thereon, is disclosed. In this case, the photocatalyst layer has no adhesive property and is easily def loiated from the 
substrate, and it is obserbed that the surface of polyester film after receiving a durabifrty test was deteriorated due to 
55 photocatalytic actfcn, and the preserKe of holes and cracks were observed on the film through a binocutar. 

[0126] In examples 36 arxi 37. a structure, wherein acryl-stliccn r^ln was used for forming an adhesive layer and a 
complex prepared and composed with 40-50% by weight of fine granule titanium dioxide P-25 marlrtactured by Nihon 
Aerozil Co.. Ltd., 40% by weight of siUca sol represented at (2-1) and 10-20% by weight of acryt-sOioon resin emulsion 



22 



EP0 923 988 A1 



was used for forming a photocataJyst layer, is disclosed. The structures disclosed in these exanples were found to have 
good adhesive property after receiving boiling test as well as good durability and resistance against accelerated weath- 
ering. 

[01 27] In examples 38 through 42, a structure, wherein acryl-silicon resin containing polysiloxane was used for form- 
5 Ing an adhesive layer and the same photocatalyst powder as the one used in the exanple 36 was used for forming a 
photocataJyst layer, and type and content of a sol for fonning compoundable gel were changed, is disclosed. The struc- 
tures prepared in these examples were found to have good photocatalytic activity as well as good adhesive property, 
durabinty and resistance again^ accelerated weathering after receiving boiling water test In both cases that the resiri 
whereto polysiloxane was introduced was acryl-silicon resin containing 3% by weight of silicon (examples 38 and 39) 
10 or acryl-silicon resin containing 10% by weight of a'licon (examples 40. 41 and 42), the adhesive property, durabiflty and 
resistance against accelerated weathering of the structures were found to be excellent 

[01 28] In examples 44 and 45, a structure, wherein an adhesive layer and a photocatalyst layer were cam'ed on either 
polyethylene mesh or polypropylene tube. Is disclosed, and the structures prepared in these examples were found to 
have good photocatalytic activity, adhesive property and durability. 
15 [01 29] Such good physical properties were also observed for the structures wherein the resin whereto polysiloxane 
was introduced is any of epoxy-silicon resin (examples 43 and 46), polyesta- resin (exarrple 44) and acryl resin (exam- 
ple 47). 

[01 30] However, as shown in reference example 6, a photocatalyst layer lost its adhesive prtjperty and was defoliated, 
when the content of polysiloxane in an adhesive layer became 70% by weight even though acryl-silicon resin containing 

20 polysttoxane was used for the adhesive layer. 

[0131] In examples 48 through 53, a structure, wherein a resin containing coltoidal silica was used for forming an 
adhesive layer, and the structures prepared in these examples were found to have good photocatalytic activity, adhesive 
property after receiving boiling water test. durataTrty and resistance against accelerated weathering. In particular, the 
structures, wherein colloidal silica having fine partide diameter (KS-2) and acryi-alloon emulsion resin introduced with 

25 said colloidal silica were used (examples 50 through 53). were found to have excellent physical prc^erties. 

[01 321 Whereas, the adhesive property and the durabifity of the structure, wherein the content of colloidal rilica in the 
adhere layer was increased to 50% by weight (reference example 7), was found to be radically detaiorated. 
[01 33] In exanples 44 through 47, a structure, wherein an adhesive layer and a photocatalyst layer were provided by 
bar coat method, and a coating material for formirrg the phohtocatatyst layer was prepared by dispersing litania sol add- 

30 rfied with nitric acid arxJ containing 12% by wei^ of titanium dioxide, which was replaced from fine granule titanium 
dioxide (P-25) manufactured by Nihon Aerozil Ca. Ltd.. sflica gel (Trade name: Cataloid SI-30) manufectured by Shoku- 
bai Kasei Ca, Ltd. and either alumina sol-200 manufactured by Nissan Chemical Industries Co.. Ltd. or zirconia sol 
manufactured by Nippon Soda Ca, Ltd., acjusting the pH of the resulting mixture to 1.5, and adding a predetermined 
amourrt of a surfactant to the said mixtura The structures pr^^ared in these examples were found to han^ good adhe- 

35 sive property and durability as well as high photocatalyfic activity even though the thickness of the photocatalytic layer 
Is relatively thin. 

[0134] In example 47, a structure having good physical properties was obtained even decreasing the content in total 
of acryl-silicon resin emulsion arKi silane coupler in a photocatalyst layer down to 20% by weight however, in reference 
example 8, adhesive property and durabifrty were radically decreased when such content in total was reduced down to 

40 5% by weight even adding acryl-silicon resin emulsion to the photocatalyst layer. 

[0135] The samples obtained in the examples 36 through 53 and allowed to all of a durability test under irradiation of 
black light at a hifi^i temperature and high humidity, dipping test in boifing water, and accelerated weathering test using 
Sunshine cartxsn arc weather meter, were checked again for their photocatalytic activity according to the same method 
employed at the start of this test based on deconriposed-amourrt of acetalde^ 

48 showed the same decomposed-amount of acetaldehyde as the ones obtained at the start of this test and have main- 
tained yet the initial photocatalytic activity witii a full capacity. 

Example 54 

so [0136] According to the method employed in the example 42, a sample of a titantusn dioxtde photocatalyst-carrying 
strycture was prepared. arKi the antimicrobial activity of tiie san^e was equated. 

[0137] As a result, it was found that the survival rate of cofon bacillus on tiie sample, which was left in a dark place, 
was 92%, 91% and 91% after 1, 2 and 3 hours, respectivily, whereas such rate on the otfier sample, wtiich was exposed 
to Uack light was 52%, 22% and 1 1 % after 1 , 2 and 3 hours, respectively. The antimicrobial activity was noted even on 
55 the sample wfiich was placed under a ftourescent lamp, and tt^e survival rate of cofon tiadtius was 76%. 54% and 22% 
afetr 1 , 2 and 3 hours, respectively, and those ratios were higher than the ones of the sanies left in a dark placa 
[0138] As a silicon conpound used for a coatirrg material of a photocatalyst, the fbOowings were used. 
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(S-1) 5% by weight ethanol solution of tetraethoxy silane (Super Reagent Grade, Manufactured by Wako Pure 
Chemical Ca. Ltd.). 

(S-2) 5% by weight ethanol solution of tetramethoxy silane (Manufactured by Shinetsu Chemical Industry Co.. Ltd. 
(S-3) 5% by weight ethanol solution of methyftriethoxy silane (Super Reagent Grade, Manufactured by Wako Pure 
5 Chemical Ca. Ltd.). 

(S-4) 5% by weight ethanol solution of tri(p-methoxyethoxy)vinyl silane (Manufactured by Nihon Unikar Co., Ltd.. 
Trade name: A-172). 

[0139] To a sol solution and a silicon compound solution represented at (Z -1) through (Z-3), either titanium dioxide 
10 powder or sol was dispersed as a photocatalyst together with either water or a mixed solvent of water and ethanol whfle 
adjusting the pH of the mixture to an appropriate value ranging from 1 .5 to 9 depending upon the type of raw materials 
and additives, and was further added with a prefixed amount of a surfactant to theretyy obtain a coating material for 
forming a photocatalyst layer. TTie content of the components contained in the said coating material and viscosity and 
sedimentation state of the particles just after the preparation of the coating material and after 90 days from the sealing 
IS are presented in Table 6. 
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Type 
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Con- 
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Viscosity 


Sedi- 
menta- 
tion 


Viscosity 


Sedi- 
menta- 
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10 


Exam- 
ple 




wt% 




wt% 




wt% 


cP 


/o 


rP 


TO 




55 


C-1 


20 


2-1 


20 


S-1 


1 


31 


100 


43 


90 




56 


C-1 


10 


2-1 


20 


S-1 


1 


14 




16 


85 


IS 


57 


C-1 


5 


2-1 


5 


S-1 


0.2 


3 


• 


4 


95 


58 


C-2 


30 


2-1 


10 


S-1 


2 


33 


m 


37 


100 




59 


C-2 


10 


2-1 
2-2 


10 
0.3 


S-3 


0.1 


7 


m 


9 


100 


20 


60 


C-2 


2 


2-1 
2-2 


2 

0.05 


S-3 


0.01 


1 


m 


1 


100 




61 


C-1 


0.5 


2-1 


0.5 


S-2 


0.02 


1 




1 


95 


2S 


62 
63 


C-1 
C-1 
C-2 


0. 1 

3 

3 


2-1 
2-1 
2-3 


0.1 
6 

0^ 


S-2 
S-1 


0.002 
0.2 


1 
2 


m 


1 

2 


95 
90 




64 


C^ 


5 


2-1 


7 


S-4 


0.2 


3 




5 


95 


30 


65 


C-3 


1 


Z-1 


2 


S-3 


0.04 


2 




2 


100 




66 


. C-3 


0.2 


2-1 


0.2 


S-1 


0.01 


1 




1 


100 


3S 


Refer- 
ence 

Exam- 
ple 
























9 


C-1 


5 


2-1 


5 






3 


100 


12 


45 




10 


C-2 


30 


2-1 


10 






33 


m 


430 


55 


40 


11 


C-2 


10 


2-1 
2-2 


10 
0.3 






7 


m 


23 


65 




12 


C-3 


5 


2-1 


7 






3 


m 


9 


50 


45 


13 


C-3 


1 


z., 


2 






2 


m 


3 


60 




Note: Sedimentation of particles was indcated with a ratio of sedimentation volume relative to the whole volume of 
the coating solution. 



*1 : Tha content is indicated with percent by weight based on the weight of dried coating solution. 



[0140] In examples 55 through 57, a photocalalyst-canrying structure, wherein titanium dioxide powder (P-25) was 
used as a photocatalyst is respectibety disclosed. By the addition of a small antount of a silicon compound, the statuTity 
after 90 days of the coating material of a phtocatalyst was inproved very nuich. 

[0141 1 tn examples 58 through 60. titania sot acidified with rtitric acU was used as a photocatalyst silica gel and alu- 
55 nrdr^ sol were jointly used as the compoundable metal oxide sol. and methyttriethoxy silane was used as a silicon com- 
p»3und in examples 59 and 60. By employing this method, remarkable nnprovement in the resistant property to t)dllng 
water, particularty resistance to boiling water in tap water, of the struc^re fbrmed with a film thereon by applying such 
coating material, was achieved. 
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[0142] !n examples 61 and 62. a photocatalyst-cairyfng structure, wherein tetramethoxy silane was used as a silicon 
compound, and it is noted that this structure shewed an advantage that ft can keep the stability of the coating material, 
even the amount of tetramethoxy silane to add was so small. 

[0143] In example 63, a photocatalyst-carrying staicture. wherein powder titanium dioxide (P-25) and titania sol were 
5 jointly used for the photocataiyst. and silica sol and zirconia sol were jointly used for a compoundable metal oxide sol, 
is provided, whereas a coating material having good stabiFrty and sedimental property was obtained by adding tetram- 
etfioxy silane in the solution. 

[0144] In examples 64 tiirough 66. a photocatalyst-carrying structure, wherein a coating material for fbnming a pho- 
tocatalyst layer was prepared by changing the type of silicon compounds, and each coating material prepared in these 
10 examples were found to be stable at any prefixed amount to add. 

[0145] On the contrary, in examples 9 through 13, since no silicon compound was added to a coating material, the 
viscosity of the coating material was drastically increased after 90 days, and sedimentation of particles was cetainly 
resulted in. and therefore, it was difficult to control the condition for forming films when such coating material was used, 
and it was not feasible to obtain a photocatalyst-canrying structure having stable quality. 

IS 

< Examples 67 through 71 ) 

[0146] By ising the coating materials prepared in tiie examples 55 through 59. photocatalyst-caaying structures were 
prepared by using tine substrates recited in the following. Th materials used for tiie substrate were as follows. 

so 

(SA) Primer-treated polyester film 
(SB) Soda lime-nrede gaiss plate 
(SC) Metal aluminium plate 

(SD) High-denaty polyethylene mesh (Tnickness of fiber: 0.2 mm. mesh size: 0.6 mm) 
25 (SE) Polypropylene-made mesh (Inner diameter: 30 mm. Outer diameter: 36 mm) 

[0147] The adhesive layer was fomried by dipping method when tiie ttiickness thereof was 2 ^ or less or the conf 
igurat ion of the substrate was other tiian plate-shaped, or by a method using a baker applicator when tiie substrate was 
plate-sshaped and the thickness thereof was formed to 2 pm or mora Ten^eralure used for drying the adhesive layer 

30 was 80 «C only when the material of the substrate was (SD) or (SE), and it was at 1 20**C in all otiier cases. The photo- 
catafyst layer was fbnmed by dipping mettiod when the thickness thereof was 2 jun or less or the configuration of the 
substrate was otiier than plate-shaped, or by a method using a bar coator when the substrate was plate-shaped and 
the thickness thereof was formed to 2 ^m or mora Drying of the photocatalyst layer was perfbnned at the same tem- 
perature as the one for drying the adhesive layer. Hereunder, physical iroperties of the photocatalyst-carrying struc- 

35 tures prepared in the examples and the reference examples, wherein type and content of the materials described 
abova the thickness of a f Bm coated, metiiod to form films, etc. were each modified, are presaited in Tables 7 and 8. 
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* 1 : Concentration of solid component of the resin in the coating sdutton. 

• 2 : Concentration of so5d component in the coating solution. 
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Exaniple-67 


A 


10 


10 


-*6 


A 


10 


63 


Example-68 


A 


10 


10 


-*6 _ 


A 


10 


75 


Exanriple-69 


B 


10 


10 


-*6 


A 


10 


-*5 


Example-70 


B 


10 


10 


-*6 


A 


-*3 


-*4 


ExanpIo-71 


B 


10 


10 


10 


A 


10 


82 



• 3 : Since cross-cut Scotch tape test oouU nrt be emptoyod. me surface of the s«(^^ 
utar, hovvever. no adhewn of the photocatalyst lay«- vvas observed. 

• 4 : The determinatton could not be made due to the difference \n oonfigiratton. 

• 5 : The determination could not t>e made because of an opaque carrier. 

.* 6 : No evaluation has fe)een made. \ 



[0148] For the sample cAtained In the exanples 67 through 71 and allowed to black light restetance test uraier a high 
temperature arri high humiduty. dipping test in bofling water and accelerated weathering test by using SunsWne cart)on 
arc weather meter, photocatalytic activity was respectively detemtined again beased on decomppsed-amount of acetaJ- 
dehyde by light that was the method employed for such detonmfnation befbre starting th tests described abovsL From 
the result that the same level of deconrposed-anwunt of acetaidehyde as the ones obtained befbre allowing ttie sam- 
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pies to such tests above was obtained, it is demonstrated that the originai photocatalytic activity has been fully main- 
tained in the structures 

Example 72 

5 

[0149] A photocatalyst-canTing structure comprising titanium dioxde was prepared according to the same method 
as described in the example 67. and an antimicrobial test was canied out for the structure according to the method 
described above. The survival rate of colon baciUus on the structure with no radiation of light was 92%. 91% and 91% 
after 1 , 2 and 3 hours, respectively, whereas the survival rate on the structure which was exposed to radiation of black 
10 light was 52%, 29% and 11 % after 1 , 2 and 3 hours, respectively. Further, the survival rate of ccrfon bacillus on the stojc- 
ture exposed to radiation of f lourescent lamp was 76%, 54% and 22% after 1 , 2 and 3 hours, respectively, which 
showed higher antimicrobial activity than the structure placed in a dark site. 

< Example 73) Rims processed with stid^er 

IS 

[01 50] A solution for forming an adhesive layer was prepared by mixing 30% by weight of polysiloxane (Manufactured 
by Colcoat Co., Ltd., Trade name: Methyl Silicate 51) based on the weight of aayl-sincon resin and 5% by weight of a 
curirig agent (silane coupler) based on the weight of acryl-silicon resin to a mixed solution of xylene and isoprcpanol 
(mixing ratio, 50:50) containing 25% by weight of acryl-silicon resin which contains 3% by weight of sificon. and was 
20 diluted with methyl ethyl ketone to adjust the concentration to 10% by weight on the solid component basis, 

[01 51 ] The diluted solution obtained was appfied by gravure printing onto a polyester f flm (Trade name: Cosmoshine 
50 |im) A41 00 manufactured by Toyobo Co., Ud. so as to form a film having a thtakness of 1 \im after drying by using a 
microgravure coater (width: 70 cm) n^ufactiffed by >fesui Seiki Co, Ltd. at a speed of 15 mfeec and at dry zone tem- 
pratureof 13. 

25 [01 52] The polyester film whereto an adhesive layer was formed was then appGed with a coating material for forming 
a photocatalyst layer, which was prepared by dispersing titania sol acidified with nitric add containing 20% by weight of 
titanium dioxide as a photocatalyst into silica sol acidified with nitric add containing 20% of silicon codde in the presence 
of a surfactant and then diluting the dispersion with a mixture of ion-exchanged water and ethanol (mixing ratio, 50:50) 
to a concentration of 10% by weight on the solid conponents basis, by gravure printing same as for the adhesive layer 

30 to thereby obtain a polyesta^ fflm formed with a photocatalyst layer having dried-thickness of 1 pm. 

[0153] Next to the surface of tiie photocatalysl-carrying structure conpring polyester fflm whereto a photocatalyst 
was not appfied, a solution prepared by adding 5% by weight on the solid basis of a coating agent for blocking thermfo 
rays, STS-500. nrtamjfactured by Sumitomo Osaka Cement Ca. Ltd. into a commerdally-available sticker was applied 
by employing gravure printing method. The film applied witii the sticker was winded while laminating the film with poly- 

35 ethylene fflm (Pyrene fOm-Or 20 nm) P -2161. manufactured by Toyobo Ca. Ltd. at a process for drying and winding at 
the drying zone In the gravure prfnter, to thereby providing a sticking film. 

[0154] This kind of fflms can be used for a sticking film for window gfass for automobfles, home window glass, and 
window glass for medical fadBties, and they are advantageously characterized from their properties, such as antimicro- 
bial activity, sdling resistant property arKi deodorant property, as well as scattering-preventive films at breaking of glass. 

40 

Example 74 Plate glass 

[01 55] To a plate glass made of soda lime having tiiickness of 1 mm and cut into a piece with a dimension of 5 cm x 
5cm. a solution prepared by nrodng 30% by weight of polysiloxane (methyl sificate 51. manufactured by Colcoat Ca, 

4S Ltd.) based on the weight of acryl-silioon resin into a mixed solution of xylene and Isopropanol (mixing natia 50:50) con- 
taining 25 % by weight of acryl-silicon resin which contains 3% by weight of siBcon. was applied by ising Na 7 bar 
coater and was dried at 1 00 ^C for 60 min. to form an adhesive layer. After al towing the plate glass to cooling under an 
ambient temperature, a coating material for forming a photocatalyst layer was impared tjy dspersing titania sol acidi- 
fied witii nitric acid containing 20% l>y weight of titanium dioxide Into silica sol actd'rfied with nitric acki containing 20% 

so by weight of silicon oxide in the fM-esence of a surfactant The solution daiained was then applied onto the adhesive 
layer described above by using Na 7 bar coater as well, and was then dried for 60 ntia W 100 "C to thereby obtain a 
photocatalyst -carrying glass plate (Sample Na 1). 

Example 75 Glass R>er Papers 

55 

[0156] -The solution for forming an adhesive layer used in the example 74 was dSuted with xylwie-propanol solution 
(mixing ratia 50:50) to obtain a concentration of 5% by weight on the soUd component basis. A glass fiber paper. SAS- 
030 (weight: 30 gtir^ manufactured by Oribest Ca. Ud. was dipped in the dOuted solution prepared as described above 
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and was then pulled out allcwed to stand and dried at 100 »C for 120 min. to form an adhesrve layer on the surfece of 
the saM glass fiber paper. Then, the glass fiber paper whereto the adhesive layer was formed was dipped into a solution 
prepared by diluting the coating material for fonming a photocatalyst layer used In the example 74 with ion-exchanged 
water to a concentration of 10% by weight and was pulled out and dried at 100*»C for 120 min. to obtain a photocatalyst- 
canying glass fiber paper (Sample Na 2). 

Example 76 Lens for Glasses 

[01571 An adhesive layer was fomrted onto lens for glasses, PC pointal coat TC(+)1 .OOS 0. 00 65 mm0 manufactured 
by Nikon Corporation, by applying a solution prepared by admixing polysiloxane (Methyl Silicate 51 manufactured by 
Colcoat Co., Ltd.) 20% by weight based on the weight of acryl-slDcon resin into a nroced solution of xylene and isopro- 
panol (mixing ratio, 50:50) containing 10% by weight of acryl-silicon resin which contains 3% by weight of sificon onto 
the lens according to cfipping method as described in the example 75, and the coated-lens were dried at 100 ^C for 20 
min. After cooling the lens at an ambient temperature, a coating material for fonming a photocatalyst layer was prepared 
by dispersing titania sol as a photocatalyst acidified with nitric acid and containing 5% by weight of titanium dioxide into 
silica sol acidified with nitric add and containing 5% silicon oodde in tfie presence of a surfactant Using ttiis coating 
material for photocatalyst layer and employing dipping metinod similariy, a photocatalyst layer was fonned by coating 
the said coating material onto the surface of said adhesive layer and was dried at 100 °C for 20 min. to obtain photo- 
catalyst-canTing lens for glasses (Sample Na 3). 

Example 77 Wall Papers made of Pdly(vinyl chloride) 

[0158] A solution prepared by mixing polysiloxane (Methyl Silicate 51 manufactured by Colcoat Ca. Ltd.) 30% by 
weight based on the weight of acryl-silicon resin into a mixed solution of xylene and isopropanol (mixing ratio, 50:50) 
containing 25% by weight of acryl-silicon resin which contains 3% by weight of silicon was appfied onto a wall paper 
made of poly(vinyl chloride)(SG 5328, manufactured by Sangetsu Ca, Ltd.) cut into a piece with a demen^on of 5 ccm 
X 5 cm and a tiiickness of 1 mm by using a bar coater Na 7, and the applied-paper was then dried at 1 00 **C for 20 min. 
to obtain an adhesive layer. After cooling ttie paper at an ambient tenrperature, a coating material for forming a photo- 
catalyst layer was prepared by dispersing titania sol as a photocatalyst acidified with nibic acid and containing 20% by 
weigfit of titanium dioxide irrto silica sol addified with nitric add and containing 20% silicon oxkie in the presence of a 
surfactant Applying this solution onto the surface of the adhesive layer Ijy using a bar coater Na 7, and the paper 
coated was dried at 100 'C for 20 min. to obtain a photocatalyst-carrylng wall papa- (Sairple Na 4). 

Example 78 Polymer Rims 

(01 59] The solution for forming an adhesive layer used in ttie example 77 was diluted with a mixed solution of xylene 
and isopropanol (mixing ratia 5050) to adfist the concentration of tiie mixture to 25% by weight on the solid compo- 
nents basis. The diluted solution was then applied by gravure printing at a ^eed of 10 mfirmn. and at dry zone temper- 
ature of 130 **C onto a polyester f flm (Cosmoshine) A4100 manufactured by Toyobo Ca. Ltd. by using a microgravure 
coater (width: 70 cm) nwnufactured by Yasui SeiW Ca , Ltd. to form a film with a ttilckness after drying of 3 urn. 
[01 60] Then, the polyester film formed with an adhesive layer was further applied with the coating material for forming 
a photocatalyst layer used in the example 77 according to gravure printing to thereby obtain a photocatalystKarrying 
polyester film provided with a photocatalyst layer having a thickness after drying of 3 ^ (Sanple Na 5). 

Example 79 Protective FiiterB for Personal Computers 

[0161 J A solution for forming an adhesive layer was prepared by mbdng polysOoxane (Methyl Silicate 51 manufactured 
by Colcoat Ca, Ltd.) 30% by weight on the sofid component tetsis relative to tiie weight of acryl-sincon re^n into a 
xylene soiution oorrtaining 20% by wa'ght of acryl-sincon resin which contains 20% by weight of silicon and was diluted 
with an isopropanol solution to adjust ttie concerrtration to 20% by weight on the solid component basis. Then, ttie sdu- 
tion was applied by d^iping onto VDT filter. E-fflter III, manufactured by Toray Ca. LW. and the fflter coated was then 
dried at 100 'C for 20 min. to fonm an adhesive fayer on the suriSace of tiie filter. Subsequentty, the VDT protective fiKer 
formed with adhesive layer was further allowed to dipping process in a solution prepared tsy diluting the coating material 
used In the example 77 with ion-exchanged water to the extent ttiat the content of solid component in the coating mate- 
rial to t)e 10% by weight pulled out therefrom and dried at lOO'C for 20 min. to obtain a photocatafyst-canrytng VDT 
filter (Sanple Na 8). , 
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Example 80 Telephone Set Cases 

[0162] TTie solution for forming an adhesive layer used in the example 77 was diluted with a mixed solution of xylene 
^1^^^^^ T> ^'^^ * ^•'j"^ *° concentration of the solution to 20% by weight on the solid compo- 
Jllh ^ ^'^^"9 ^ ^ « telephone set (Type: HIT-I. Manufecturad^ 

Hrtacfo Seisakusho Ca. LM.) by using a spray gun (Type: WIDER 88 Manufactured by Iwata TosoW Kogyo Co Ltd) 
^erdT-ng the ^-^^d^ at 100 ;C for 20 min.. a coating material for forming a photocatalyst loused 'in the 
TXll ^ *f ^l?' ion^changed water to a concentration of 8% by weight^ the solid compo^ 

nent baas, and the diluted-coating matenal was applied by spraying as descnljed above. After drying the case at 100^ 
lor zo mm., a photocatalyst-carrying telephone set case was obtained (SaiTf>le Na 7). 

Example 81 Lens for Glasses 

[0163] An adhesive layer was formed onto lens for glasses. NL70HCCTc(+)1 .0 OS 0. 00 (70 mm0) manufactured by 
NiKon corporation, by applying a solution prepared by admixing poiysOoxane (Mettiyt Silicate 51 manufactured by Col- 
coat Ca. Ud.) 20% by weight based on the weight of acryl-silicon resin Into a mixed sdutfon of xylene and isopropanol 
(mixing raflo. 50: 50) containing 10%by weight of acryl-silicon resin which contains 3% by weight of sflicon onto the lens 
according to dipping method as described in the exanple 79. and the coated-Iens were dried at lOO'C for 20 min After 
cooling the tens at an ambient temperature, a coating material fbr forming a photocatalyst layer, which was prepared by 
depeising ttenia sol as a photocatalyst addiHed with nitric acid and containing 15% by weight of titanium dioxide into 
silica sol aodified with nitric add and containing 15% silicon oxide in the presence of a surfactant was applied onto the 
lens toforrn a photocatalyst layer. Using this solution for photocatalyst layer and employing the same dipping method 
f^^l.°^^* "^""9 the solutton onto the surface of said adhesive fayer and was dried at 1 00 

c tor 20 min. to oiMain photocatalyst-cairying lens for glasses (Sanple Na 8). 

Example 82 Curtains 

[0164] Texfile fabrics fbr curtains, trade name "Hospia" (for school and hospital use) manufactured by Kawashima Ori- 
mono Ca. lid. were cut into a piece with a dimension of 7 cm x 7 cm. and the pieces were dipped into a solution pre- 
pared by mixing pdysitoxane (Methyl Snicate 51 manufactured by Cdcoat Co.. Ud.) 20% by weight on the solid 
^.^^^ ^ *® "'^'S'* °^ acryl-sfflcon resin Into a mixed solution of xylene and isopropanol (mixing 
r^. 50^) containing 15% by weight of epoxy-snicon resin which contains 3% by weight of silicon, pulled out there- 
from and dried at 80 'C fbr 120 min. After cooling the fabrics at an ambient temperature, the textile fabrics whereto an 
adh^ive layer was fomied thereon was dipped into a coating material fbr forming photocatalyst fayer which was pre- 
par^ Ijy dispersing titania sol pnxluced by Ammonfa Alkali containing 10% by weight of titanium dioxide into silica sol 
containing 10% by weight of sIHcon codde in the presence of a surfactert. puUed out therefrom and dried at 80"C fbr 120 
min. to obtain a photocatalyst-carrying textOe fabric for curtain use (San^le Na 9). 

Example 83 Nonwoven Fabrics 

[0165] Non-trfeached nonwoven fabric made of cotton CTiBdo name: Orcos. Manufactured by NisshinboCa Ltd) was 
cut into pieces each having a dimension of7cmx7cm.andeach piece was sprayed with a solution prepared by mixing 
polysiloxane (Methyl Silicate 51 manufactured by Coicoat Ca. Ltd.) 30% by weight based on the weight of acryl-slicon 
'^2^ * ""^ solution of xylene and isopropanol (mixing ratio. 50:50) containing 25% by weight of acryl-saicon resin 
Which contains 3% by weight of sifiCon by using a spray gun (TVpe: WIDER 88, Manufactured by Iwata TosoW Kogyo 
CO.. Ltd.). After drying the sprayed fabric at 1 00 "C lor 30 min.. the solution for fonrtng a photocatalyst layer used in the 
example 82 was appDed to the said fabric, and the appBed fabric was then dried at 1 0O-C Ibr 30 min. to obtain a phcto- 
catalyst-can>ing cotton nonwoven fabric suitable fbr surgical gowns, tabiedothes. covere fbr a toilet seat, shoii papers, 
covenng sheets fbr seedOngs. food packaging materials, etc. 

Example 84 Printed Pdyester Cloth Fabrics fbr Un*reOa \ 

[0166] Using commerciaHy available printed polyester doth fabrics for umbreUa use as a substrate, an adhesive layer 
and a photocatalyst layer were coated thereon accorcfing to the same method disclosed in the exanple 83. The photo- 
catalyst-canTlng printed polyester doth fabric obtained here was found to have almost no difference in patterns and 
feeling from normal doth fabrics (Sample No. 1 1). 
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Example 85 Wa» Papers (Woven Cloth) 

[0167] Using a plain woven doth, SG 6758. manufactured by Sangelsu Co.. Ltd. as a sut>strate, an adhesive layer 
and a photocatalyst layer were formed onto the cloth according to the method disclosed in the example 83. 
5 [01 68] The photocataJyst-canTing woven cloth wall paper did not give bad influence on the quality of the woven doth 
(Sample No. 12). 

Example 86 Aluminum Sash 

10 [0169] A solution prepared by nrUxing polysflcxane (Methyl Silicate 51 , manufactured by Cdooat Co., \Jd,) 30% by 
weight based on the weight of acryl-sflicon resin into a mixed solution of xylene and feopropanol (mixing ratio. 50:50) 
containing 25% by weight of acryl-silicon resin which contains 3% by weight of siRcon was applied onto a aluminum 
sash plate cut into a piece with a dimension of 7 cm x 7 cm by using a bar coater No. 7 and the aluminum sash plate 
was dried at 100*C for 60 min. to form an adhesive layer on the plate. After cooling the plate at an ambient temperature. 

IS a coating material for forming a photocatalyst layer was prepared by dispersing titania sol acklified with nitric add con- 
taining 20% by weight of titanium dioxide into silica sol acidified with nitric add containing 20% by weight of silicon oodde 
in the presence of a surfactant The coating material was then applied onto the surface of the adhesive layer described 
above by using a bar coater Na 7, and the applied plate was dried at 130*C for 10 min. to obtain a photocatalyst-car- 
rying aluminum plate (Sanple Na 13). 

20 

Exanple 87 Stainless Steel Pfates 

[01 70] The solution for fonrring an adhesive layer used in the example 86 was adjusted by dilution with a mixed sdu- 
tion of xylene and isopr<^>anol (mixing ratia 50:50) to a concentration of 5% by weight on the sdid compomnait basis. 

2S A stainless steel plate made of SUS 316 (Thickness: 0.2 mm) cut into a piece wrifh a dimendon of 7 cm x 7 cm was 
dipped into the solution described above, pulled out therefrom and dried at 120 ''C for 20 rem, to form an adhesh^ fayer 
on the surface of the stainless steel plate. Then, the stainl^ steel pfate whereto an adhesive layer was formed was 
dipped into a solutiai prepared by adjusting the concentration of the coating mataial for a photocatalyst layer used in 
the example 86 with ion-exchanged water to a concentratiob of 10% by weight pulled out therefrom and dried at 120 

30 'C for 20 nrda to obtain a photocatalyst-canTing staviless steel plate (Sanple Na 14). 

Example 88 Tin Plates 

[0171] A tin plate having a thickness of 1 mm cut into a piece with a dimension of 7 cm x 7 cm was dqpped into a 
35 solution prepared by nnixing polysfloxane (Methyl Silicate 51 . manufactured by Coteoat Ca. Ltd.) 30% by wdght based 
on the weight of acryl-silloon resin into 20% by weigttt of xylene solution of acryl-alicon resin which contains 20% t>y 
weight of silicon and then dilutirwj the mixture with isopropanol solution up to a concentration of 20% by weight on the 
solid component basis, pulled out therefrom and dried at 100"C for 60 min. to form an adhesive layer on the tin plate. 
The tin plate on which an adhesive layer was formed was tiien dipped Into a solution prepared by adjusting the coating 
40 material for forming a photocatalyst layer used in the example 86 by dilution witti ion -exchanged water to a concentra- 
tion of 10% by weight pulled out from the solution and dried at 100 *'C for 60 min. to obtain a photocatalyst-canTing tin 
plate (Sample Na 15). 

Example 89 Bfinds 

[01721 Afterrenriovingaslalhavingawidttiof800nrimandaheigmof 700^ 

width type) T-12 (white), nranufactured by TacWtawwa BTind Industry Co., Ltd. , a solutfon pr^^ared by mixing pdysi- 
loxane (Methyl SiBcate 51, manufartured by Qo\cosX Ca. Ltd.) of 30% by weight based on the weight of acryf-sificon 
resin into a mixed solution of xylene and isopropanol (mixing ratio, 50:50) containing 25% by weight of acryl-silicon resin 
so which comprises 3% by weight of silicon was apHied by spraying by using a spray gua WIDER 88, manufactured by 
Iwala TosoW Kbgyo Ca, Ltd. After drying the sprayed-blind at 120 *C for 20 min., tiie bfind was further appfied by spray- 
ing with a solution prepared tsy diluting the coating material for fonmlng a photocatalyst layer used In the exarrqale 86 
with iorvexchanged water to a concentration of 8% by wdght on the soHd component bas^ (Sample No. 16). 

ss Example 90 Printed Plywood 

[01731 A printed plywood, Neowood, having a thickness of 2.5 mm arKl cut into a piece witti a dimension of 7 cm x 7 
cm, manufactured by Eidai Sangyo Ca. Ltd. was applied witii a solution prepared by mixing pdysiloxane (Methyl Sili- 
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cate 51. manufactured by Colcoat Co., Ltd.) 30% by weight based on the weight of acryl-snicon resin into a mixed solu- 
tion of xylene and isopropanol (mixing ratio. 50:50) containing 25% by weight of acryl-alicon resin which comprises 3% 
by weight of silicon by using a bar coater No. 7 and was then dried at 100 for 30 mia to form an adhesive layer on 
the printed plywood. After cooling the printed pfywood at an ambient temperature, a coating material tor forming a pho- 
tocatafyst layer was prepared by dispersing titania sd acidified with nitric acid containing 20% by weight of titanium 
dioxide into silica sol acidified with nitric acid containing 20% silicon oxide in the presence of a surfactant. Using this 
coating material and a bar coater Na 7, the coating material was applied on the surface of the adhesive layer and was 
dried at 100 "C for 30 min. to obtain a photocataiyst-carrying printed plywood (Sanpie No. 17). 

Example 91 Synthetic Timbers 

[0174] The solution for forming an adhesive layer used in ttie example 90 was diluted with a mixed solution of xylene 
and isopropanol (mixing ratio, 50:50) to a concentration of 5% by weight on the soRd component basis. 
[0175] A syntfietic timber, Esron Neolamber FFU-50. manufactured by SeWsui Chemical Industry Ca. Ltd. and cut 
into a piece witfi a dimension of 7 cm x 7 cm was dipped into the diluted solution prepared above, pulled out therefrom 
and dried at 100 'C tor 120 min. to fonn an adhesive layer on the surface of the timber. The tinker on which the adhe- 
sive laya- was formed was then dipped into a solution prepared by diluting the coating material for forming a photocat- 
alyst iayey used in the exnple 90 witti ion-exchanged water to a concentration of 10% by weight, pulled out therefrom 
and dried at 100'C for 120 min. to obtain a photocataiyst-carrying syntiietic timber (Sample Na 18). 

Example 92 Wooden Doors 

[0176] An indoor use wooden door Hype 38 RC0202-IR6. Oak pattern) manufactured by Daikai Kbgyo C. . Ltd. was 
cut into a piece witfi a dimension of 7 cm x 7 cm, and the piece was applied with a solution pr^ared by mixing polysi- 
loxane (Metttyi Silicate 51 , manufactured by Colcoat Ca, Ltd.) 20% by weight based on ttie weight of aayi-silicon resin 
(mixing ratio, 50:50} containing 10% by weight of acryf-silicon resin which comprises 3% by weight of silicon according 
to the dipping method similar to the one as described in tiie example 91 to form an adhesive layer and was dried at 
1 00**C for 20 min. After cooling tiie piece at an ambient temperature, a coating material for fbnning a photocatalyst layer 
was prepared by dispersing titania sol addified with nitric acid containing 5% by weight of titanium dicKkle into silica sol 
acidified with nitric add containing 5% by weight of silicon oxide in tiie presence of a surfactant This coating material 
was applied onto the surface of tiie adhesive fayer by employing ttie d^ing method described above and dried at 1 00 
**C for 20 min. to obtain a photocatalyst-can-ying wooden door. 

< Evaluation for Photocatalytic Activity ) 

[0177] Photocatalytic activity of the samples 1 through 19 was evaluated respectively, and tiie results in the evaluation 
were preserrted in Table 9 . 
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Tables 



5 




Total Ray 
Iransmrssibrty 


Aldehyde 
Activity 


Salad Oil 
Activity 


Antimicrobial 
Activity 


Initail Adhesive 
Property 


Durability 




Sample 1 


85% 


A 


A 


A 


10 Points 


lOpt 


10 


Sample 2 


65 


B 


A 




5% or less 
weight reduc- 
tion by lOmin. 
uttra~sonrfica- 
tion 


Same as Irdtail 
Adhesive Prop- 
erty 


IS 


Sampled 


90 


B 


B 


A 


10 


10 




Sample 4 


- 


6 


A 


A 


10 


10 




Sample 5 


90 


A 


A 


A 


10 


10 




Sample 6 


- 


B 


A 


A 


10 


10 


20 


San^le? 


- 


B 


A 


A 


10 


10 




Sanpled 


95 


B 


B 


A 


10 


10 




Sanple9 


-% 


A 


A 


A 


*1 


•1 


2S 


Sample 10 


- 


A 


A 


A 


•1 


*1 




Sample 11 




B 


A 


A 


•1 


*1 




Sample 12 




B 


A 


A 


•1 


*1 




Sample 13 




A 


A 


A 


10 


10 


30 


Sample 14 




B 


A 


A 


10 


10 




Sample 15 




A 


A 


A 


10 


10 




Sample 16 




B 


A 


B 


8 


8 


35 


Sample 17 




B 


A 


A 


8 


8 




Sample 18 




A 


A 


A 


10 


10 




Sample 19 




A 


A 


A 


10 


10 



• 1 : Since baste grain tape method could not be employed, the surface of the sticking tape was observed, however, no adhe- 
49 sion of the photocataiyst layer was reoognized. 



IrKlustrial Use 

46 [0178] TTie pholocatalyst-carrying structiffe according to the present invention has high photocatalytic activity, and 
glass, plastics, metalKc nrtaterials, doth fabrics, timbers and wooden materials, which respectively cany a photocataiyst 
being resistant to deterioration and highly durable, can be useful for lens, various types of window glass, adhesive films, 
sheets for decoration, wall papers, curtains, construction materials, such as bfinds, interior goods, etc. 

so Claims 

1. A pholocatalyst-canrying structure constituted with a photocataiyst layer, an adhesive l^er and a substrate, 
wherein the adhesive layer is provided in between the photocataiyst layer and the substrate and is made of silicon- 
modified resin containing silicon from 2 to 60% by weight a resin containing coiloSdai silica from 5 to 40% by weight. 
55 or a resin containing polysiloxane. which is a polycondensation product of a conipound represented by a fomtula 



SiCIni(OH)n2R^n3(OR^n4 (i), 
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wherein is an alkyl having 1-8 cartx}n atoms and optionally substituted with any of amino, carboxyl or chlorine 
atom. r2 is an alkyl having 1 -8 cariaon atoms or an alknxy-suljstituted aikyi having 1 -8 cartwn atoms, ni is an inte- 
ger. 0. 1 or 2, n2 and na are each ind^endently an integer. 0, 1, 2 or 3. n4 is an integer, 2. 3 or 4, and 
nT+n2 + n3 + n4a4. from 3 to.60% by weight and the photocatalyst layer is made of a photocatalyst particle 
complex containing either a metal oxide gel or a metal hydroxide gel from 25 to 95% by weight. 

2. The photocatalyst-canrying structure according to daim 1 . where in the silicon-modified resin used for the adhesive 
layer is acryt-silicon resin. 

3. The photocatalyst-carrying structure according to daim 1 . where in the adhesive layer is composed of a resin con- 
taining pdyslloxane, and said polysloxane is made of either a hydrolyzed product of silicon altodde containing at 
least one C^-Cs alkoxy or a conpound prepared via the said hydrolyzed product 

4. The photocatalyst-carrying structure according to any of claims 1 to 3. wherein the adhesive layer is made of sili- 
con-modified resin containing polysiloxane. 

5. The photocatalyst-carrying structure according to daim 1 . where in the adhesive layer is made of a resin containing 
colloidal silica and the diameter of the partides of the colloidal silica is 10 nm or less. 

6. The photocatalyst-carrying structure according to any of dainre 1 , 2 or 5, wherein the adhesive layer is made of sil- 
icon-modified resin containing colloidal silica. 

7. The photocatalyst-canying structure according to any of dalms 1 to 6. wherein the metal oxide gel or the metal 
hydroxide gel contained in the photocatalyst layer is porous gel and their specific surface are a dried at 150°C is 
1 00 m^/g or nrxjre. and is composed of one or more gels of metals selected from a group consisting of sincon. alu- 
minium, titanium, zirconium, magnesium, niobium, tantarum. tungsten and tin, respectively. 

8. The photocatalyst-carrying structure according to any of claims 1 to 7. wherein the photocatalyst layer is a photo- 
catalyst complex composed of more than 2 kinds of metal oxide gels or metal hydroxWe gels and a phohtocatalyst. 
and the adhesive property of the complex after dipping it into boiling water which shows an electroconductivity of 
200 nS/an at 20**C is expressed as an ey/aluated-point of 6 or more according to cross-cut Scotch tape test pro- 
vided in JIS K5400. 

9. The photocatalyst-canrying structure according to daim 8. where in the photocatalyst layer is conposed of a pho- 
tocatalyst complex, which conr^ses porous oodde gel or hydroxide gel of one or more metals selected from a group 
correisting of alunninium, titanium, zirconium and niobium, and siRcon, and has a specific surface area after drying 
at1S0'*Coi50rrP/gorrnoTB. 

1 0. The photocatalyst-canrying structure according to any of daims 1 to 7. wherein the photocatalyst layer Is composed 
of a photocatalyst complex which contains either silicon-modified resin or sitane compound 10 to 50% txy weight 
either a metal oxide gel or a metal hydroxide gel from 15 to 85 % t^y weight on the solid component basis and a 
photocatalyst firom 5 to 75% by weight and the photocataly^ complex has an adhesive property of point 6 or more 
expressed from the criterion according to cross-cut Scotch tape test prcvkjed in JIS K5400 after dipping it ibr 15 
min. into tx)iling water which shows an electrocorKluctivity of 200 pB/om at 20*0. 

11. The photocatalyst-carrying structure according to daim 10. wherein the silicon-nrvxfifled resin or the silane com- 
pound contained in the photocatalyst l^er is acryt-silicon resin, epoxy-stlicon resin or a silane coupler. 

1 2. The photocataiyst-canTing structure according to any of daims 1 to 1 1 , wherein the thickness of the adhesive layer 
is 0.1 im or more. 

13. The photocatalyst-canrying structure according to any of daims 1 to 12. wherein the thickness of the photocatalyst 
layer is 0.1 |im or mor& 

14. The photocatalyst-carrying structure according to any of daims 1 to 13. wherein whole light transmittance through 
both adhesive layer and photocatalyst layer at a wavelength of 550 nm is 70% or more. , 

15. The photocatalyst-canrying structure according to any of daims 1 to 14, characterized in that the acffiesive property 
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of the structure after exposing it to tjJack light radiation of which ultraviolet light intesity is 3 mW/cm^ for 500 hours 
at 40**C and 90% R.H. is evaluated as point 6 or nrore according to the criterion of cross-cut Scotch tape test oro- 
vided in JIS K5400. 

16- A photocataJyst-canrying glass, characterized in that the glass has a constitution wherein an adhesive layer is pro- 
vided in between a photocatalyst layer and a substrate, and the adhesive layer and the photocatalyst layer 
described in any of the daims 1 to 15 are used theran. 

17. The photocatalyst-carrying glass according to daim 16. characterized in that the configuration of the carreir is any 
of plate-shaped, tubular, ball-shaped or f ber-like. 

18- An interier goods using at least partly the photocatalyst-carrying glass descrtoed in daim 16 or 17. 

19. Glasses and glass lens for which the photocatalyst-<:arrying glass described in daim 16 or 17 is used. 

20. A photocatalyst-canying plastic molding which has a structure wherein an adhesive layer is provided in between a 
photocatalyst layer and a plactic molding, and the photocatalyst layer and the adhesive layer used therein are the 
ones described in any of claims 1 through 15. 

21 . The photocatalyst-carrying plastic molding according to daim 20. chracterized in that the configuration of the mdd- 
ing is plate-shaped, tubular, ball-shaped, fiber-like or film-like. 

22. A cor^truction material at least partly using the photocatalyst-canTing plastic moWing described in daim 20 or 21 . 

23. An interior goods at least partiy using the photocatalyst-carrying plastic molding described in daim 20 or 21. 

24. An electric appliance at least partiy using the photocatalyst-canTing plastic mokfing described in daim 20 or 21 . 

25. A fumiture at least partly using the photocatalyst-carrying plastic moUIng descrflaed in daim 20 or 21. 

26. A toy at least partly using the photocatalyst-canTing plastic moWing descn*bed in daim 20 or 21 . 

27. A sticking fflm prepared by applying a sticker onto the back skie of the photocataly^-carrying plastic f flm described 
in daim 20 or 21. 



28. A photocatalyst-canrying doth which has a structure wherein an adhesive layer is provided in between a plrotocat- 
alyst layer and a substrate, and tiie photocatalyst layer and the adhesive layer used therein are the ones described 
in any of dain^ 1 through 13 and 15. 

29. A furniture and a househokJ goods at least partiy uang the photocatalyst-carrying dotti descrtoed in daim 28. 

30. An interior goods at least partiy using the photocatalyst-carrying dotfi described in daim 28. 

31. A toy at least partiy using ttie photocatalyst-canTing doth descrS)ed in daim 28. 

32. A photocatalyst-carrying metal whk^ has a structure wherein an adhesive layer is provided in between a photocat- 
alyst layer and the metal, and the photocatalyst layer and the adhesive layer used therein are the ones descn'bed 
Inanyof dainrvl through 13 and IS. 

33. The photocatalyst-carrying metal according to daim 32, characterized in tttat the configuration of the substrate is 
plate-shaped, tubular, baJI-shaped. fiber-fiks or sheet-shaped. 

34. A construction nriateriai at least partiy using the photocatalyst-canrying met^ 

35. An interior goods at least partiy using the ph o tocatalyst-carrying metal descrflbed in daim 32 or 33. 
36- A sash using the photocatalyst-canying metal described in daim 32 or 33, 
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37. A Wind using th photocataJyst-canytng metal descnlDed in daim 32 or 33. 

38. A photocatalyst-carrying timber and a photocatalyst-can7ing wooden material which respectively has a structure 
wherein an adhesive layer is provided in between a photocataJyst layer and the timber or the wooden material, and 
the photocatalysl layer and the adhesive layer used therein are the ones described in any of claims 1 through 13 
and 15. 

39. The photocatalyst-carrying timber and the photocatalystK^airying wooden material acconding to claim 38. charac- 
terized in that the configuration of the substrate is plate-shaped, columnar, ball-shaped or sheet-shaped. 

40. An interior decoration material at least partly using the photocatalyst-carrying timber and the photocatalyst-canv- 
ing wooden material described in claim 38 or 39. 

41. An interior goods at least partly using the photocatalyst-canTing timber and the photocatalyst-carrying wooden 
material described in daim 38 or 39. 



42, A woodwork product using the photocatalyst-carrying timber and the photocatalyst-carrying vrooden matwial 
described in claim 38 or 39. 



43- A furniture using the photocatalyst-canying timber and the photocatalyst-canying wooden materia! described in 
claim 38 or 39. 

44. A coating material of a photocatalyst comprising silicon conpound from 0.001 to 5% by weight a metal oxide sol 
and/or a metal hydroxide sol from 0.1 to 30% by weight on the solid component basis and a photocatalyst powder 
and/or sd from 0. 1 to 30% by weight on the solid conponent basis. 

45. The coating material of a photocatalyst according to claim 44. wherein tiie sificon conpound is an alkoxy silane 

compound represented by a general fbnmila (2). SiR3n5-*)4-n5 (2). wherein is an alkyl having 1-8 

^^srtxsn atorra optionally substituted with amino, chlorine atom or cartxaxy, is alkyl having 1-8 carbon atoms or 
alkoxy-substituted alkyl having 1-8 cariDon atoms, and ns is 0, 1 , 2 or 3, or one or more of the hydrolized products 
of the such compound. 

46. The coating material of a photocatalyst according to claim 44. characterized in that the metal oodde sol and/or tiie 
niatal hydroxide sol comprise a metal selected from a group consisting of silicon, aluminium, titanium, zirconium, 
niobium, tantalum, magnesium, tungsten and tin. and the specific surface area of such sol after drying at 150-C is 
50nr/g or morei respectively. 

47- The coating material of a photocatalyst accortSng to daim 44. characterized in that the silicon compound is com- 
posed of one or more compounds selected from a group consisting of tetramethoocy silane. tetiaettioxy silane. 
methyl trimethoxy silane. methyl triethoocy silane and ttieir hydrolized products. 

48. A coating material of a photocatalyst used for producing a photocatelyst-canrying structure whera'n an adhesive 
layer Is provkfed in between a photocatalyst layer and a substrate and comprises two types of coating materials, 
those are (1) a coaling material for forming an adhesive layer onto a sut)strate conprises a resin from 1 to 50% by 
weight which contains silicon-modined resin containing 2-60% by weight of silicon and ettiier a resin containing 3- 
60% by weight of polysilcxane or a resin containing &40% by weight of coHoidal sinca. and (2) a coating material 
for forming a photocatalyst layer onto the adhesive layer comprise 0.001-5% by weight of a silicon compoiffid, 0.1- 
30% by weight of a metal oodde sol and/or a metal hydroxide sol on the solid component basis and 0.1-30% by 
weight of a photocatalyst powder and/or sol on the solid component basis. 

49- The coating material of a photocatafysl according to daim 48, wherein the resin contained in the coating material 
for fbmning an adhesive layer is a resin containing polysiloxano, and said polysiloxane is the hydrolized product of 
alkoxy silane with an alkoxy group having 1-5 carbon aioms or an other compound produced from sakJ hydrdized 
product 

50. The coating ntaterial of a photocatalyst according to claim 48, wherein the resin contained in tib coating material 
fbr forming an adhesive layer is a resin containing cdloidal silica, and the diameter of said colloidal silica is 10 nm 
or less. 
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51, T>i0 coating materiaJ of a photocatalyst according to claim 48. wherein the resin contained in the coating material 
for forming an adhesive layer is silicon-modified resin containing polysiloxane. 

52. TTie coating material of a photocatalyst according to claim 48. wherein the resin contained in the coating materiaJ 
for forming an adhesive layer is silicon-modified resin containing colloidal silica. 



1 
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Pig. 1 
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2. Adhesive Layer 

1. Carrier 
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